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ABSTRACT 
N-Ethyl-3-isothiazolone undergoes cleavage of the 
S-N bond when subjected to nucleophilic attack by 
carbanions, yielding a series of cis-3-alkylmercapto-
acrylamides. Under basic conditions the reaction is 
shown to be reversible, with the stability of the 
product being apparently dependent on the degree of 
substitution at the carbanion site. Resonance-
stabilised carbanions derived from primary carbon 
acids E-CH 3 (E = electrophile) react with two moles 
of the isothiazolone to give E-CH(S-CH = CH-CONHEt)2 
as well as E-CH 2-S-CH = CH-CONHEt, whereas those derived 
from secondary carbon acids (E - CH 2R) give only the 
product E-CHR-S-CH = CH-CONHEt. Tertiary carbanions 
do not form any stable product, and two competing side 
reactions occur depending on the nature of the tertiary 
carbanion. In the absence of an alternative primary 
or secondary carbon acid site, a dimer (C5H70NS )2 is 
formed concomitantly, by the action of base on N-ethyl-
3-isothiazolone itself. It has been established that 
the dimerisation is initiated by ionisation of the 5-H, 
followed by attack on the S-N bond of another molecule. 
The structure proposed for the dimer is 2,4-bis(N-
ethylcarboxamido)methylene-l,3-dithietane. Similar 
treatment of N-acyl-3-isothiazolones affords only 
vi. 
polymers, and the possible intermediacy of thioketenes 
is discussed. 
In the presence of a second carbanion site (i.e., with 
dibasic carbon acids) of primary or secondary nature, 
dimer formation is suppressed by the removal of the 
substrate, and the product of attack by the primary or 
secondary centre results. 
The products expected from attack by tertiary 
carbanions have been synthesised and are shown to 
undergo rapid cyclisation in basic solution with ejecti on 
of the tertiary carbanion. In the presence of other 
primary or secondary carbon acid centres, the same 
effect results in an apparent migration of the 
-S-CH = CH-CONHEt mOiety from the tertiary to the other 
carbanion centre. N.M.R. spectroscopy shows that this 
reaction is not an intramolecular migration. 
It has been proposed that the formation of the 
products of carbanion attack on N-ethyl-3-isothiazolone 
depends on the relative displacing tendencies towards 
sulphur of the attacking carbanion and the displaced 
amide anion, provided no potential carbani on site 
adjace nt to sulphur is available. The ability to 
form such a carbanion site is shown to account for the 
stability of the products from the stronger carbon 
acids, and that in the absence of such a site, 
reversion to starting materials will be brought 
vii. 
about by bases. Factors relevant to this are discussed. 
The products of reaction with unsymmetrical ketones 
result predominantly from the minor enol ate anion, and 
it is proposed that in these instances product 
stabilisation does not occur, and that the product 
equilibria result from the relative displacing 
tendencies of the competing enol ate anions. The 
applicability of the 3-isothiazolone system as a 
gauge for sulphur-basicity is discussed. 
The reversibility of carbanion attack at the S-N 
bond, coupled with its ease of dimerisation precludes 
N-alkyl-3-isothiazolones as precursors for other 
heterocyclic systems. An isolated success came from 
the condensation of N-ethyl-3-isothiazolone with 
propiolic ester to give a l,3-thiazine. 
3-Hydroxyisothiazole loses sulphur when reacted with 
carbanions and ~-pyridones are formed. Mechanistic 
studies indicate tha t the reaction initiates via a 
Michael attack of the carbanion at C-S, and not by 
nucleophilic attack at sulphur. A new synthesis of 
2(lH)-pyridones has been achieved whereby propiol amides 
are condensed with carbonyl-stabilised carbanions. 
viii. 
The nucleophilic attack on 3-isothiazolone by 
cyanide ion, yielding cis-3-thiocyanoacrylamide, has 
been investigated over the pH range 0.00-5.00, and 
the existence of two kinetically discrete mechanisms 
established. Equilibrium studies have been made for 
the system, and the effect of temperature on the 
equilibrium constant has been used to derive thermo-
dynamic parameters. 
The reactivity of phosphorus ylids with N-substituted-
3-isothiazolones has been examined. The susceptibility 
of the S-N bond to cleavage is found to depend 
significantly on the N-substituent. Acyl groups 
substantially increase the lability of the bond compared 
with alkyl groups, and the products formed are new 
ylids resulting from ring scission followed by a 
prototropic shift necessary for product stabilisation . 
The reactivity of the attacking phosphorus ylid is 
shown to depend markedly on the nature of the 
substituents at both phosphorus and the C(-carbon 
atom. 
Tautomeric studies have indicated that 3-hydroxy-
isothiazole exists largely as such in non-polar media 
and in the solid state. In aqueous solution the 
hydroxy- and oxo-forms coexist in comparable amounts. 
1. 
GENERAL INTRODUCTION 
Bicyclic and polycyclic systems involving the 
isothiazole (1,2-thiazole) structure (2) have long 
been known and were fully reviewed in 19521 , but since 
then have received little attention. Few general 
syntheses of mononuclear isothiazoles have been 
described and indeed until recently this heterocycle 
was unknown. 
The preparation of the parent compound (2) and 
2 its derivatives was first described by Adams and Slack 
in 1956, and stemmed from a classical, though tedious 
thirteen step synthesis by oxidation of 5-aminobenz-(d)-
isothiazole (1). Subsequently, these authors provided 
(1) ( 2) 
the first account of some aspects of the chemistry of 
isothiazole, and reported 3 a synthesis of 5-aminoisothiazole 
derivatives (4) by a ring closure involving mild 
oxidation of substituted f3 -iminothioamides (3), a 
synthesis discovered and extended independently by 
Goerdeler4 . 
2. 
R-C CH2. C NH2, 
II II 
NH S 
( 3) (4) 
The potential of this simple heterocyclic ring 
system in the fields of chemotherapy and pharmacology 
stimulated the development of several further syntheses 
of isothiazoles, together with investigations of the 
h · f hI ' 5,6 f c emlstry 0 t e system. Two genera reVlews 0 
these aspects have been published recently. Other 
routes have since become available and isothiazcles 
with a variety of substitution patterns are now 
directly accessible. 
In an elegant synthesis of both isothiazole and 
simple alkyl isothiazoles by Wille and co-workers 7, 
sodium acrolein 3-thiosulphate or acrolein-3-thiocyanate 
8 
was cyclised in liquid ammonia. Raap has supplied 
HC_C- C·R ----1 Na 0 s.l~ R ---1 
II J ; IT 
o 0 
£ )-R + SO~-
'N 
practical details for obtaining optimum yields of 
isothiazole from both the thiocyanate and the thiosulphate. 
Hatchard9 has reported the synthesis of substituted 
3. 
isothiazoles by ring closure of 2-cyano-1-mercapto-
ethylene derivatives with chlorine 0 
f'>'-. 
CloSJCS-Cl CL'S]JS\ 
~ -) . I IN 
NC C=N NC Ct- CL 
Cl eN 
--> J Jet 
"N 
In the most practical laboratory preparation of 
simple isothiazoles Olofson et al 10 reacted 1,2-
dithiolium salts with ammonia*, and recently, the 
reaction has been extended by McKinnon and Robak11 to 
include primary amines in a synthesis of isothiazolium 
salts. 
+ ) 
The process of Hubenett12 and his co-workers, which 
requires the simultaneous passage of an alkene, sulphur 
* Leaver and Robertson10 in 1960, noted the formation of 
3,5-diphenyl isothiazole on treatment of 3,5-diphenyl-
1,2-dithiolium perchlorate with ammonia in ethanol and 
10 Olofson subsequently reported the reaction to be 
general. 
4. 
dioxide and ammonia over activated alUmina at high 
pressure, is more versatile and suited to industrial 
use. 
3,5-Disubstituted 4-cyano-(or 4-carbethoxy-) 
isothiazoles have been prepared13 by thioacylation of 
{3 -cyano-(or,8 -carbethoxy-)enamines (5) followed by 
oxidation. 
CH 'C'SR 3 5 
+ ---7 
/ 
R'C==CHCN 
I 
NH2 
. ( 5) 
Hartke and Peshkar have reported14 the reaction of 
dithioesters with malononitrile to give enethiolates, 
(6) which yielded 3-amino-4-isothiazolecarbonitriles 
on reaction with chloramine. 
/ 
NC R 
+ \ / 
M C==C 
NC/ 'S 
(6 ) 
5. 
A related synthesis, encountered in a thesis by 
15 Gougoutas under Woodward's supervision*, describes the 
thiocarbonylation of methyl 3-aminocrotonate with 
thiophosgene to give 3-methyl-4-carbomethoxy isothiazole, 
which was used as an intermediate in the total synthesis 
of colchicine (vide infra). 
In other syntheses, 3-(alkythio)-isothiazoles are 
made from novel dithiazine derivatives by thermolysis l6 , 
and substituted isothiazoles result from heating cy anophenyl -
17 dithioacid salts in ethanol solution with sulphur. 
3-Haloisothiazoles are obtained by passing chlorine 
or bromine gas through 3-mercaptopropionitrile in an 
. I 18 1nert so vent . 
The recent accessibility of isothiazoles and the 
numerous interconversions now available have opened up 
new routes to compounds which command interest both 
as intermediates and as analogues of known pharmaceuticals 
. 15 
* In a Harvey Lecture ,Woodward states that at the time 
the synthetic pl a n for colchicine was laid down, no 
simple isothiazole of any kind had been prepared and 
claims the distinction of this accomplishment. 
6. 
and natural products. As a resul t, the isothiazole 
nucleus has been introduced into many compounds of 
biological interest so relationships between chemical 
constitution and biological activity may be studied. 
In connection with the evaluation of the physiological 
19 
action of isothiazoles, Slack et al prepared analogues of 
histidine (7), histamine (8, R =H) and amphetamine 
(8, R =CH 3) in which the imidazole or phenyl ring was 
( 7) 
II I. ' 
~ \CH2 CH(R)'NHz'HCl 
1// 
R :--... ~/S 
N 
(8) 
replaced by the isothiazole nucleus. The same workers have 
introduced the isothiazole nucleus into compounds 
related to thiamine 20 (9), phenothiazine 21 (10), and 
known anti-histamin e5 22 
(9) (10) 
Several such isothiazole derivatives are claimed 
to have analgesic action 23 , anthelmintic activity24 
f · 25 and high activity against the pox group 0 Vlruses . 
7. 
Isothiazole analogues of biologically active compounds 
have been used in the treatment of infectious diseases 
caused by Gram positive and negative bacteria, and as 
therapeutic agents in poultry, animals and man 26 . 
Specific attention 27- 29 has been given to the 
preparation of the isothiazolopyrimidine ring system 
in different isomeric forms. Several derivatives with 
substituents at the 3-,4-,5-, and 6- positions (11) 
were prepared for evaluation as anti-tumor or anti-
malarial agents 28 . 
Penicillins and cephalosphorins prepared from 
a number of isothiazoylacetic and carboxylic acids 
h Obo h O h O b 0 1 t o °t 30,31 ex 1 1t 19 ant1- acter1a ac 1V1 y 
3 ,32 
The sulphonamide (12) from 3-methyl-5-
aminoisothiazole and p-aminobenzenesulphonic acid 
possesses medium duration of action and is marketed 
d Od 0 1 33 under the tra e name B1 1Z0 e . 
4 3 5NJJ" I I N2 6~ Sl N 1 7 
(11 ) (12) 
8. 
Chemistry of Isothiazoles 
Isothiazole is related to pyridine in the same 
way as thiophene is to benzene. This similarity is 
particularly apparent in their physical properties, 
including those of their derivatives, but less so in 
their chemical properties. Until recently few aspects 
of the chemistry of the isothiazole nucleus were known 
and apart from any immediate success in the pharmac-
ological field synthetic opportunities inherent in 
the isothiazole system have not been fully realised. 
comparison 3 of its electron densities and mobile 
bond orders with those of thiazole and pyridine, 
emphasizes the stability of the system. Rotational 
spectroscopy34 indicates the planarity of the structure 
-0'016 0707 -0,144 
0'594nO.634 
+ 0·491 $~ .. ~-O·050 
0 '502' N 0705 
-0-281 
TO' 478 SO'530 -0,070 
0' 589C)0156 
+0 '023 -0,103 
0 '697 N 0'567 
-0,328 
0 ' 664+ 0'051 0 -0'005 0 '674 +0·077 0'654 N 
-0'196 
35 
and proton chemical shift data shows it to have 
approximately the same aromaticity as benzene, as 
defined by the ability to sustain on induced ring 
current. From the synthetic point of view, the 
isothiazole nucleus represents a very stable aromatic 
system, not subject to ready modification and hence 
able to withstand chemical operations of some severity. 
9. 
The substitution properties of isothiazole are 
in accordance with the electron distribution pattern36 . 
Thus, electrophilic substitution occurs predominantly 
in the 4- position, if this is free, and metalation 
in the 5- position. Woodward15 has utilised this 
ability to generate an anionic site at the 5- position 
in the classical synthesis of the alkaloid colchicine. 
Mea 
-+ -+ MeO 
Mea 
The ring appears to be stable to acid, alkali , 
and mild oxidation but, as expected , hydrogenation 
readily results in ring cleavage. Under certain 
conditions ring scission may occur at the S-N bond . 
In the first clearly documented case of isothiazole 
ring scission 4-butylmercapto-2-oxo-but-3-ene (15) 
was formed 37 as a by-product during lithiation of 
3-methylisothiazole, and subsequent formylation 
with dimethylformamide. The authors suggested that 
(15) resulted from intermediates (13) and (14) but 
an alternative path involving nucleophilic attack 
10. 
at sulphur followed by hydrolysis is more plausible 
in view of the observation by Hatchard9 of nucleophilic 
attack by sulphide ion on 3-chloro-4-cyano-5-methyl-
thioisothiazole (16), leading to elimination of the 3-
chlorine atom. A similar ring opening is reported28 in 
( 16) 
connectio n with an investigation of the anti-malarial 
activity of substituted isothiazoles. 
A different mode of cleavage, followed by alkylation, 
was noted 21 when substituted isothiazoles were reacted 
with sodium hydride and an alkyl chloride in refluxing 
toluene. This cleavage which is not observed with 
3-substituted isothiazoles, could occur by the sequence 
shm.,rn below. 
H H ~~SY- base .. 
11. 
Ring scission at the S-N bond is well documented 
in bicyclic and polycyclic systems involving the 
isothiazole structure . The 1, 2-benzLsothiazole ring 
is apparently stable to mild oxidation and reduction 
procedures , but rupture of the heterocyclic ring 
through a weakening of S-N bond occurs on substitution 
o f the 3- position . This work is largely the efforts 
o f MCClelland and collaborators , and extended over a 
period of twenty-four years . The study is included in 
1 
a general review of benzisothiazoles by Bambas . 
The greater part of McClelland's investigations 
involved 1 , 2-benzisothiazol-3-ones and derivatives, 
but, as part of a general study concerning the 
dismutation of disulphides McClelland and Warren 38 
found that the disulphide (19) formed when 
2_Q_mercaptophenyl-62- imida zoline (17) was added to 
2 , 3-dihydrobenzimi da zo (1,2) isothiazole (18) . A 
. . . d 39 . th I h . d d slmllar reactlon occurre Wl su p urous aCl an 
potassium cya n ide a s shown in Scheme 1. 
-~ (©C~ 2 
KCN (19) ~ NJ ~~ S·CN 
(18) 
Sch eme 1 
12. 
The stability of the S-N bo nd in 1,2-benzisothiazol-
3-ones depends largely upon the substituent in the 
2-position. Thus, hydrogen sulphide and sulphur dioxide 
'reduced' the 2-alkyl substituted derivatives (20) to 
the 2,2 -dithiobis (benzarnides) (21), but 1,2-benziso-
40 thiazol-3-one did not react . Substitution of an 
(20) 2 
arylsulphonyl group in the 2-position substantially 
weakens the S-N bond and facilitates the rupture of 
the heterocyclic ring41 The 2-arylsulphonyl-1,2-
benzisothiazol-3-ones undergo hydrolytic cleavage 
to form the disulphides (21, R=so2aryl), but the 
2-aryl or alkyl derivatives are stable to alkali. 
The same dependency exists for the reactions of 
th d ' b ' d ' 1 ' 41 , 4 2 h ' h ese compoun s wlth su stltute anl lnes , W lC 
rupture the S-N bond to form sulphenarnides (22) if 
(QQ' S ©:SONH¢ o NoR + 0NHz -+ 0 CONHR 
o (22) 
__ rQYS-{Q)-NH2 
~CONHR 
possible, and then rearrange to form a sulphide~ The 
I-phenyl derivative is unaffected by aniline. 
13. 
In a study of particular relevance to this thesis, 
Barton and McClelland43 found that 2-phenylsulphonyl-
1,2-benzisothiazol-3(2)-one (23) reacted in the presence 
of pyridine or piperidine with active methylene compounds 
to form 2-substituted-3-hydroxy-l-thianaphthenes. The 
reaction with ethyl malonate, ethyl acetoacetate" or 
ethyl acetonedicarboxylate gave 2-carbethoxy-3-hYdroxy-
1-thianaphthene (24) and benzenesulphonamide. When (23) 
S 
(EtOC)2CHZ + \NSOz¢ 
(23) (24) OH 
was heated with acetyl acetone in alcohol without base 
the intermediate (25) resul t ed. Heating this intermediate 
OMe 
( 26) OH 
with base yielded the same compound (26), obtained 
14. 
from the condensation of (23) and acetyl acetone in 
the presence of pyridine. Benzoylacetone and aceto-
phenone formed 2-benzoyl-3-hydroxy-l-thianaphthene. 
This condensation reaction took place with ketones 
in general, but only in the presence of basic catalyst. 
With acetone both methyl groups entered into the 
reaction. When the benzisothiazolone (23) was heated 
. CH3COCH3 + OO·SO.¢ ~rQ:r.f-8---\1QJ 
o HO OH 
alone in boiling pyridine, or when the main condensation 
was slow (e.g., with diethyl ketone), the disulphide 
(27) formed. It was found that this disulphide condensed 
with acetylacetone, slowly in boiling alcohol and 
somewhat faster in pyridine to give (26). In contrast, 
( 23) 
boiling) 
pyridine 
( 27) 
1,2-benzisothiazol-3-one did not react with boiling 
acetone but reacted slowly with ethylmethyl ketone and 
quinaldine, as shown below: 
~ ©Q-COEI 
OH 
15 
Mechanisms for the general r eaction of benziso-
thiazolones and dithiobenzamides are merely hinted at 
in the published work of McClelland et al. An 
I . . dl, 38 h exp anatlon eVlnce at t e time proposed the 
fleeting existence of phenylthio free radicals (28) 
from dissociation in solution. The identical reactions 
of the dithiobenzamides were explained on the basis of 
similar types of free radicals (29). No evidence was 
©I:ONHR 
rA!S. ~COr:JR 
( 28) 
( 29) 
cited to support the existence o f s u ch radicals. 
It is difficult to discern a justifiable basis in 
principle, or analogy, to support these suggested 
radical processes, other than the recently propos ed44 
formation o f thiyl radicals by the homolytic scission 
of sulphur-nitrogen bonds in the thermolysis of 
diazathioethers a nd thionitrites at normal temperatur es( 30-
16. 
1300 } * . Kharasch, and other worke:-s hold the view45 
that purely thermal homolysis of sulphur-sulphur bonds 
in organic disulphides has not yet been conclusively 
demonstrated at temperatures below 1300 . Such fission 
occurs only when induced photochemically or by radical 
displacement reactions. From the vantage point of the 
present day, we are in the fortunate position of 
having the alternative mechanism of rupture of the 
hetero-ring by a nucleophilic displacement on sulphur , 
as evidenced with 3-substituted isothiazoles (vide 
supra). The identical products arising from 
benzisothiazolones and dithiobenzamides may be 
explained by the observation of Reissert and Manns 46 
in the formation of 4,5-benzisothiazol-3-one from 
2,2-dicarboxamidodiphenyl disulphide (30) under 
basic conditions. However a direct ionic scission of 
* The existence of a phenylthio free radical appears to 
be the best explanation for the lability of the 
phenylsulphenamides (22) and the rearrangements of the 
phenylthio group from a nitrogen atom to a carbon atom 
( see, p12 ). 
17. 
the sulphur-sulphur bond cannot be entirely discounted, 
as the outstanding reactive characteristic of this bond 
is its ability to cleave in reactions with nucleophilic 
reagents 45 ,47 e.g., cyanide and sulphite ions. 
It is evident that the reacting species are 
carbanions in the general reaction of active met0ylene 
compounds with basic catalysts. The proposed path "is 
delineated in Scheme 2 for acetytacetone, and is 
initiated via displacement on sulphur followed by an 
intramolecular displacement and hydrolysis to afford 
the product. Support is found for this proposal in 
©GC'COMe~ ©J=:(H'COMe ~hydrolysis 
OH 0 
Scheme 2 
1 
©Il{COMe)2 
o 
+ %SOlNHz 
the more recent work by Mustafa48 ,49, who reported 
a similar hetero-ring fission with phenylmagnesium 
18. 
b romide and phenyl lithium. The labilising influence 
on the S-N bond by the arylsulphonyl group in the 
2-position is demonstrated further in the contrasting 
behaviour of 2-phenyl-1 , 2-benzisothiazol-3-one (31) 
towards phenylmagnesium bromide , which added in the 
usual manner to the carbonyl group yielding 3-phenyl-
3-hydroxy-2-phenyl-l,2-benzisothiazole (32)50 . 
(31) 
.0'MgB~ ~N'¢ 
o OH 
( 32) 
u ntil recently , the related mononuclear 3-
isothiazo lone system was unknown. The synthesis of 
the parent compound ( 38 ;R=H ) was first reported by 
Crow and Leonard51 in 1964 as an aid in the identification 
of the products ( 34 ) and ( 35) resulting from the 
rearrangement of the 1,4-thiazepine derivative ( 33 ) 
19. 
(34) 
following chlorination. This unpredicted contraction 
of the thiazepine ring to the 3-isothiazolone nucleus 
under these conditions, constituted an example of the 
general oxidative synthesis of 5-substi t u t ed-3-
hydroxyisothiazoles from thioacylacetamides by, 
Goerdeler and Mittler53 in 1963 . 
In seeking a general method for the synthesis of 
3-isothiazolone, Crow and Leonard were guided by the 
synthesis of Wille and co-workers 7 (vide supra) . The 
non-oxidative route devised followed the sequence 
« 36)~ (38» and involved the ring closure of 
20. 
cis-3-thiocyanoacrylamides (37). This cyclization 
was accomplished in a rapid and quantitative manner in 
the presence of acid or with stoichiometric quantities 
of metal salt (Fe 2+,Ni 2+) and alkali. Similar 
54 
cleavages of thiocyanates are known but this synthesis 
HC-C'CONHR 
( 36) 
HSCN. NC £ 0\0 
NH 
R 
(37) 
-OH r-=\ 4-
Fe2.+--- :'''N/O + Fe(CN)6 
R 
(38) 
represented a special case in which the thiocyanate 
undergoes ready internal nucleophilic attack with 
ring closure to 3-isothiazolones. 
The ease of cyclisation prompted the same workers 
to investigate the reverse reaction,fission of the 
S-N bond in 3-isothiazolone by nucleophiles. In a 
further publication55 they demonstrated the cleavage 
of the isothiazole ring by a variety of nucleophiles, 
including cyanide ion. The ease of both forward and 
reverse reactions suggested the existence of equilibria 
between the thiocyanoacrylamide on the one side, and 
3-isothiazolone and hydrocyanic acid on the other. 
Several methods were developed to provide evidence 
for equilibrium and this evidence led to the 
conclusion that equilibrium (Scheme 3) existed at 
21. 
least in hydroxylic solvents. 
Scheme 3 
The extreme rapidity of the forward reaction was 
rather surprising, for the amide group is not a 
particularly efficient nucleophile. Furthermore, the 
cleavage of the S-CN bond in preference to the better 
known reaction of nucleophilic attack on carbon56 with 
the formation of 2-imino-l,3-thiazine (39) led to the 
speculation of S-N orbital overlap in the transition 
(39 ) 
state (40). It was reasoned that the proximity of 
the weakly nucleophilic amide nitrogen to sulphur 
attached to two electron-withdrawing groups, coupled 
with the ability of sulphur to expand its octet 
, 57,58 1 f ' 1 ' by use of vacant d-orbltals , wou d aCl ltate 
this overlap. The accompanying stretching of the 
S-CN and N-H bonds with charge development on the 
22. 
two potential leaving groups (H+ and CN-), suggested 
1 solvent dipole 
(40) 
that solvation might be expected to play an important 
role in effecting ring closure. In order to determine 
the importance of solvation and assess the extent of 
overlap (if any), a detailed examination of the 
equilibria (Scheme 3) was undertaken. 
Crow and Gosney59 studied the kinetics of 
cyclisation and showed ring closure to occur by two 
kinetically distinct mechanisms depending on the 
operant pH. The amide itself cyclises to the 
Conjugate acid (41), at a rate independent of pH, the 
product undergoing rapid proton loss to the solvent 
(pathway 1). At pH greater than 3.5 this mechanism, 
ND-'.,lo ~ NC ,,~)~O Kt, 
''NJ::o -- ---N k-/ 
H2. H2. H H+ 
(41) 
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pathway II 
Pathway I: k1 4.5 x 10- 5sec- 1 ; pKt -0.33 ± 0.03; 
H* 20.7 kcal mole-I. Pathway II: Ka assumed 
10-9 , giving k2 10.4 -1 sec ; H* 22.6 kcal mole-I. 
while still operative, becomes insignificant in comparison 
with a rapid unimolecular cyclisation of the thiocyano-
acrylamide anion (pathway II). 
A comparison of the activation parameters for the 
pH ranges of both mechanisms revealed a striking 
difference between the two pathways in the respective 
entropies of activation (6 S*) and the Arrhenius A 
factors. Pathway I showed the small negative ~S* 
value (-9.5 e ll.) expected from loss of rotational 
freedom by the reacting molecule in the cyclic 
transition state, and solvent ordering accompanying 
the development of charge. In the case of pathway II, 
a greater degree of disorder ensues as the transition 
state is formed, as reflected by the positive6S* 
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term (22 e.u.). The appearance of di sorder on moving 
into the transition state was ascribed to the freeing 
of solvation shells as the reacting centres (N and S 
atoms) approached. The extent of the change suggested that 
the negative charge on nitrogen was actually being nullified 
by overlap into the vacant d-orbitals of sulphur, i.e., 
that the sulphur atom was now partially fulfilling the 
function of the solvation shell. A similar state of 
affairs was apparent in the Arrhenius collision 
factors. In pathway II, the pre-exponential factor 
(A=10 18.0) suggested a very high 'concentration' of 
the amide anion inthe vicinity of the sulphur atom. 
The stereochemistry of the molecule, of course, favours 
this, for it is a rigid cisoid system, but comparison 
with the value (A= 1011.2) for the neutral molecule, (also 
rigid and cisoid) is striking and illustrates the 
presence of a considerable neighbouring group effect 
in the transition state. 
From the synthetic point of view, more interest 
is attached to the reverse reaction of nucleophilic 
attack on sulphur with fission of the S-N bond. The 
ready regeneration of cis-3-thiocyanoacrylamide from 
3-hydroxyisothiazole by cyanide ion foreshadowed ring 
25. 
scission by other carbon nucleophi les, and indicated 
their suitability for nucleophilic attack in synthesis, 
as demonstrated in the related 1,2-benzisothiazol-3-
ones. In a kinetic investigation, aimed at providing 
a basis for the synthetic studies described in this 
thesis , Crow and Gosney examined the cyanide cleavage 
of the S-N bond in 3-hydroxyisothiazole*. 
It had been established that an equilibrium 
existed between cyanide ion and 3-hydroxyisothiazole 
on one side, and cis-3-thiocyanoacrylamide on the 
other. It is to be expected from the principle of 
microscopic reversibility, that the mechanism for 
attack by cyanide ion would show a similar duality, 
i.e., reversal of the pathways I and II. This 
duality was confirmed60 , and a complete kinetic 
statement for the reaction established. Equilibrium 
studies were made for the system and the effect of 
temperature on the equilibrium constant was used to 
derive thermodynamic parameters for S-N bond cleavage. 
* This study was initiated prior to the commencement of 
this thesis and completed subsequently during the course. 
For brevity and convenience this kinetic study is placed 
in the Appendix in the form of a published paper60 . 
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Consideration of these parameters, together with those 
for cyclisation, disclosed a considerable degree of 
interaction in the transition state i.e., a transition 
state, which resembled 3-hydroxyisothiazole more than 
cis-3-thiocyanoacrylamide. 
The pH-rate profile for ring fission revealed the 
reactivity of the S-N bond to be greatly enhanced by 
protonation of the substrate (pka= -0.3 3), the rate 
constant of attack by cyanide ion being increased one 
thousandfold when directed through the isothiazolium 
cation. Irrespective of whether the isothiazole is 
protonated on oxygen or nitrogen, both partners in the 
S-N bond may be expected to experience a decrease in 
electron density; in particular the availability of 
electrons on nitrogen for any Pn -d~ overlap will be 
lowered with a consequent weakening of the bond. From 
the kinetic point of view, the rate of attack on 
sulphur by a nucleophile will be enhanced not only by 
the increased electron deficiency at this position but 
also by the improvement in the efficiency of the 
leaving group, which is now neutral instead of 
negatively charged. 
In order to use this increased reactivity in 
synthesis, a proton acid is not desirable. Furthermore, 
the amphoteric nature of 3-hydroxyisothiazole limits 
27. 
the range of nucleophiles that can be employed. An 
alternative method for increasing the susceptibility 
of the S-N bond to nucleophilic attack would be the 
attachment of an electron-attracting group (e.g., 
R-CO-) to the nitrogen atom, as exemplified with the 
41 
2-arylsulphonyl-1,2-benzisothiazol-3-ones (vide 
supra) . 
3-Isothiazolone can theoretically exhibit lactam-
lactim tautomerism* «42) ~ (43». The site of 
* 
{J-OH N 
( 42) 
l'N:1:0 
H 
(43) 
Apart from its pertinence to the site of acylation 
and alkylation, the potential tautomerism (42 ~ 43) 
is of particular interest in connection with the 
aromaticity of the isothiazole ring61 and generalised 
equilibria of this type. The tautomerism has been 
cursorily examined by the author (B.Sc. Hons. Thesis), 
and a complete tautomeric study is contained in the 
Appendix. The preliminary investigation indicated 
that the hydroxy form predominated in non-polar 
solvents and the two forms coexisted equally in 
aqueous solution. 
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, 1 41 
acylation was not known, although it has been established' 
that the related system 3-hYdroxy-1,2-benzisothiazole 
underwent acylation on nitrogen. 53 Goerdeler has 
acetylated 5-phenyl-3-isothiazolone but did not report 
the nature of the isolated product. , The synthetic 
requirement here is towards nitrogen* but 3-acyloxy-
isothiazoles (44) are of intrinsic interest, since they 
may be induced to undergo a different reaction sequence 
9 
analogous to that observed by Hatchard in the reaction 
of 3-chloro-4-cyano-5-methylthioisothiazole (16) with 
thiols. The acidity of 3-hydroxyisothiazole55 (pKa= 
7.2, comparable to 4-nitrophenol) suggests that ready 
hydrolysis of the attached acyl groups may occur, thus 
N: i "')co'CO.R \...../' "N / \ ~ /V-S C=N + 
(44) 
requiring that subsequent synthetic operations be 
confined to aprotic media. 
* Chan, A.W.K. (Ph.D. Thesis, A.N.U., 1969) has shown 
this synthetic requirement can only be met in a limited 
way by acylation of the parent molecule, since kinetic 
control of the reaction product directs acylation to 
the more accessible oxygen atom, and steric factors 
direct the group to the same site under 
conditions. 
1 
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This thesis constitutes the c ontinuation of these 
preliminary investigations concerned with the scission 
of the S-N bond in 3-isothiazolone by cyan i de ion. The 
aim of the work was to explore the applicability of this 
hetero-atom ring scission by carbon nucleophiles as a 
route to other heterocyclic systems. 
i 
30. 
Section 1 
Reactions of Carbanions with N-Ethyl-3-Isothiazolone 
Introduction 
The possibility of forming heterocyclic systems by 
utilising the lability of the S-N bond is attractive. The 
S-N bond constitutes an ambiphili c reaction centre in 
that electrophilic attack at N and nucleophilic attack at 
S are both possible. Various approaches are theoretically 
feasible depending on the order in which bonds are 
formed (Scheme 4). A reaction sequence commencing with 
electrophilic attack at N, followed by generation of the 
nucleophilic site in the addendum (47 -- 48), requires a 
ready synthetic approach to the N-substituted isothia-
zolones. The problems connected with this approach have 
been discussed(see General Introduction). 
tLN~O (J 0 ... ' ) N·'), '-- -- N""':S ~S~ "0 ~ ~ .,.-\ '-0 
E H E-.J E./NH 
( 46) (47) (48) 
(IN)~O L _ ___ t'~~}o ~ ~f)~o -, NR 
E R E~R E/ 
(49) (50) ( 51) 
N =nucleophilic site 
scheme 4 E=electrophlllC site 
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~ne alternative route involve s initial attack at 
sulphur and depends upon a proper choice of the 
electrophilic site in the addendum to which the amide 
nitrogen must be attached finally(50~51). This sequence 
must compete effectively with the reversal of the initial 
step by the attack of the amide N on sulphur, as 
represented by the dotted arrows in (50). The favourable 
steric situation of the amide nitrogen results in 
enhanced efficiency as a nucleophile in the reaction 
(50) ~ (49) and constitutes a serious hazard to the 
implementation of this scheme. The primary mechanisms 
operative for the pathway (49) --4(50) have already been 
established59 ,60 for cyanide ion and the reversibility 
of the reaction shown for this case. 
The practicability of any synthesis along these 
lines depends upon the effectiveness of nucleophilic 
attack and is governed by the S-basicity* of the 
attacking species. Nucleophilic displacements take 
place only when the attacking base has a greater 
affinity for sulphur than the displaced group. 
131 
* The term S-basicity (sulphur-basicity) is preferred to 
sulphur nucleophilicity for equilibrium involving 
displacements at sulphur . This distinction in 
terminology will be discussed in detail later. 
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Negatively charged carbon is a strong S-base, and 
carbanions will displace most other bases from sulphur45 . 
This may be inferred from the fact that the carbon-
sulphur bond is rarely cleaved via nucleophilic 
displacement on sulphur, except when the displacing base 
. th b ' 62 1S ano er car an10n . The cyanide ion, in its reactions 
with sulphur, can be regarded as a modified carbanion 
in which the negative character of carbon is reduced 
by the electronegativity of nitrogen. Cyanide ion still 
displaces many anions from sulphur, including some 
mercaptides, and the reaction of 3-isothiazolone with 
cyanide ion thus indicated the suitability of carbanions 
in general as nucleophilic species (N) in the proposed 
reaction sequences. 
Reaction with Primary and Secondary Carbon Acids 
63 The attempted alkylation of 3-hydroxyisothiazole 
in refluxing acetone with benzyl chloride/potassium 
carbonate, led to the formation of a ring opened compound 
which was assigned the structure (52). The fact that 
benzyl ation had evidently preceded attack by the 
'acetonide ion' (no unbenzylated product was obtained), 
indicate d that N-alkyl-3-isothiazolones were more 
susceptible to nucleophilic attack than 3-hydroxyisothia-
zole itself. These 2-alkyl derivatives are prepared 
conveniently in nearly quantitative yield by cyclisation 
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of cis-N-alkylthiocyanoacrylamides 55 . They are 
highly hygroscopic compounds that decompose in light; 
2-ethyl-3-isothiazolone proved the most convenient to 
handle and the work described in this Section is 
confined to this derivative as substrate. 
(52) 
Reaction with Grignard reagents and lithium alkyls 
The use of 2-ethyl-3-isothiazolone as substrate 
was vindica ced by its reaction with Grignard reagents, 
as well as lithium alkyls. Reactions were carried out 
at low temperatures and resulted in precipitation of 
gelatinous salts along with some tarry products. 
Treatment with dilute acid or aqueous ammonium chloride, 
followed by column chromatography, gave products 
assigned the general structure (53). In contrast, 
3-isothiazolone did not react, even at the c2rbonyl 
group, as observed with 2-phenyl-1,2-benzisothiazol-
3_one 50 ( 31 ). 
- R-f }o 
Et MgX(Li) 
R= CH3 ,C2H5, n'Butyl,C6H5,C6H5C C. 
H+ A 
- R-S . ):::::0 
NH 
Et 
(53) 
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The structures (53) were assigned on the basis 
of spectral data, and synthetic specimens were prepared 
for comparison by base-promoted Michael additions of 
thiols to N-ethylpropiolamide (54). Virtually all 
previous work indicated that nucleophilic (as opposed 
to free radical) addition of thiols to acetylenes 
64 67 
occurred by trans addition to give a cis product -, . 
Montanari 68 made a thorough investigation of the 
addition of thiols to propiolic acid and ethyl propiolate 
69-71 
and concluded that the observations by Truce as to 
a violation of the 'trans rule' were incorrect and a 
consequence of post-isomerisation. He found 'nucleophil ic 
addition to follow a single steric course' and to yield 
the cis isomer. Truce 72 confirmed Montanari's 
stereochemical assignments by N.M.R. on the basis of 
coupling constants across the resulting double bond, 
and stated 'the driving force for thiolates to add in 
a trans manner is so strong as to overcome the adverse 
steric and electronic factors'. The cis configuration 
was assigned to compounds having J values of 5-11c/s 
and the trans configuration to these with J=13-18c/s, 
73 but Truce noted the importance of having both isomers 
before deciding the stereochemistry. 
The nucleophilic addition of mercaptans to 
N-ethyl propiolamide in ethanol , proceeded in an 
35. 
exothermic manner and proved highly stereoselective, 
yielding a single mono-adduct (~ = 10.0 ± 0.1 cis) 
identical with the products from the action of Grignard 
reagents on N-ethyl-3-isothiazolone. It appeared 
RS-~ HC 'C'CONHEt EtO~ RS-vCH==CH'CONHEt 
reasonable to assume that these compounds were cis-
isomers from the expected trans-addition. This is, 
of course, reinforced by the proposed mechanism for 
Grignard action. On the assumption that the reagent 
acts as a carbanion donor, the reactions can be 
rationalised as a nucleophilic displacement at sulphur, 
with retention of cisoid structure. Nevertheless, the 
observed coupling constant (J = 10.0 cis) was inconclusive* 
and the possibility of post-isomerisation cannot be 
excluded, necessitating the comparison of both isomers. 
Fischer 75 reported that the reaction of thiourea 
with phenylpropiolic acid afforded the addition compound 
across the triple bond. The addition of thiourea to 
f 
N-ethylpropiolamide in the presence of £-toluene-
* Jackman 74 gives a range of Jcis=6-14 cis and Jtrans= 
11-18 cis. 
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sulphonic acid gave an isothiuronium salt (55). 
Hydrolysis, followed by methylation, gave two isomers 
(Jcis=lO.Oc/s and Jtrans=l5.lc/s) separated by column 
chromatography. Neither of these compounds isomerised 
readily under mild conditions and forcing conditions 
caused decomposition. The observed coupling constants 
permitted a conclusive stereochemical assignment to 
these isomers and removed any doubt as to the cis 
nature of the products from ring scission and 
nucleophilic addition. In fact, all products reported 
in this thesis from ring scission are cis isomers 
(J=lO.O ± O.lc/s) and post-isomerisation did not occur 
in any case. 
CH.3S \ 'ko (65%) 
NH 
Et 
(J=l5.lc/s) 
+ CH Q 
(55) ~YdrOIYS i S/CH3 I 
CH3Fk0<35%) 
NH 
Et 
(J=lO.Oc/s ) 
SO-
3 
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Reaction with resonance-stabili sed carbanions 
The ease of reaction evidenced with the carbanions 
from Grignard reagents and alkyl lithium compounds 
signified the need to evaluate the scope of reactivity 
with carbanions in general. The necessity for an 
electrophilic site in the addend has already been 
mentioned and in addition to this it was desirable 
that the carbanion should constitute a reasonable 
leaving group, so that the reversibility of the reaction, 
if any, should become apparent. These requirements 
are met by carbanions stabilised by the presence of 
certain unsaturated functions e.g., carbonyL cyano, nitro 
and phenyl groups. The work described here was therefore 
confined to resonance-stabilised carbanions. 
Reaction of N-ethyl-3-isothiazolone with diethyl 
malonate proceeded readily in ethanolic sodium ethoxide 
under nitrogen leading to the precipitation of an 
insoluble salt. solution of this salt in water resulted only 
in recovery of starting materials, but direct addition to 
cold dilute acid, with rapid solvent extraction, afforded 
the alkylthioacrylamide (58). It was evident that almost 
instantaneous reversion to starting materials was 
occurring on solution in water. The n.m.r. spectrum 
of this salt in d 6 .DMSO revealed the absence of a 
methine proton, doubling of the N-methylene quartet 
38. 
together with a broad triplet for the N-~ signal, and 
strongly supported the structure (57). This structure 
( 56) 
( 58) (57) 
Scheme 5 
is strictly proven only for dimethylsulphoxide solutions 
and it must be concluded that the change in water is 
due to solvation of the ions, followed by rapid proton 
exchange to the species (56), which reverts to starting 
materials . The observed stability in dimethylsulphoxide 
presumably arises from the lack of solvation in this 
solvent and consequently dj -ninished proton transfer 
76 , 77 
necessary for reversal . 
Alkylthioacrylamides of the type (58) were 
readily generated from a variety of carbon acids in 
several solvent base systems, as recorded in Table 1. 
TABLE 
PRODUCTS OF CARBANION ATTACK ON N-ETIIYL - 3 - rSOTHIAZOLONE 
3 2 1 
R=SCII=CII=CONHEt 
Refs. 122 and 123 give pKa values in water at 25°, uncorrected for enol. The base-solvent systems used in the formation of the products are indicated as 
follows: a, ethoxide-ethanol; b, sodium hydride-dimethylformamide or dimethoxy -
etha~e; . c, t-butoxide-butanol; d, potassium carbonate; e, potassium triphenyl -
methlde In ether; f denotes product resulted from lithium alkyl; g denotes 
product resulted from Grignard reagent. The n.m.r. data (at 60 Mc/s) for 
NH, H2, H3 and Ha are T values; J is 10.0 + 0.1 cis; Ha refers to the proton 
attached to carbon adjacent to sulp~dr in the carbon acid moiety; solvents for 
the products are h, CDC1 3 ; i, DMSO-d6 . 
Carbon Acid 
Et02CCH2CN 
(CH3CO)2 CH2 
HCN 
CH3N02 
(Et02C)2CH2 
C6HSCOCH 3 
C6HSCOCH2C02Et 
CH3COCH3 
Cyclohexanone 
C6HSC==:CH 
CH3C02Et 
CH4 
CH3CH2CH2CH2H 
CH3CH2H 
C6HSH 
C6HSCH2H 
9.0 
9.0 
9.2 
10.2 
10.7 
13.3 
19.0 
20.0 
21 135 
24.5 
40 
40 
Product 
Eto2CCHRCN(A) b.i 
(CH3CQ2CHR(B) a.h 
NCR i 
02NCHR(C) a.i 
CH3COCHRC02Et(D) a.ht 
(Et02C)2CHR(E) a.b.h 
C6HSCOCH2R(G) b.c.i 
C6HSCOCHR2(H) c.i 
C6HsCOCHRC02Et(J) a.b.h 
CH3COCH2R(K) c.d.h 
C~3COCHR2(L) c.i 
RCH2COCH2R(M) c. i 
RCH2COCHR2(N) c.i 
R2CHCOCHR2(P)c.i 
C6HSCOCHROCH3(O) a.h 
i I 
C~2(CH2)3CHRCO(O) c.h 
C6HSC==:CR(R) c.g.h 
RCH2C02Et(S) e.h 
RCH3(T) f.g.h 
RCH2CH2CH2CH3(U) f.g.h 
RCH2CH3(V) g. h 
RC6HS(W) g.h 
RCH2C6HS(X) g.h 
NH H2 
1.95 3.92 
4.2 4.16 
1.6 3.62 
1.95 3.96 
4 . 0 {4. 08 
4.22 
3.9 4.08 
2.0 4.10 
2.0 3.97 
4.15 4.12 
4.3 4.10 
2.0 
2.10 
2.0 
2.0 
3.7 
3.7 
3.9 
3.6 
3.1 
3.2 
3.5 
3.6 
3 . 7 
4.00 
4.11 
{ 
3.95 
4.10 
4.06 
3.92 
4.09 
3.96 
4.07 
4.02 
4.03 
4.06 
4.0 
4 . 19 
H3 ~ 
3.05 4.59 
3.46 -8.4* 
2.77 
2.94 4.23 
3.10} 5.73 
3.44 
2.85 5.77 
3.11 5.76 
2.90 3.65 
2.85 4.86 
3.28 6.66 
3.12 
3.22 
3.09} 
3.24 
3.10 
3.13 
3.19 
2.89 
3.08 
3.26 
3.23 
3.17 
2.97 
3.27 
4.71 
6.24 
4.57 
6.15 
4.50 
0.91 
6.5 
6.66 
7.68 
7.29 
7.27 
6 . 13 
* The extremely low value for compound B is presumably due to O~ in the H-bonded 
enol. 
t The compound exhibits keto-enol tautomerism. showing two sets of viny1 i c 
protons. These sets integrated at one proton each. and their relative 
intensities vary with the solvent used . 
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Reaction with primary carbon acids l ed to mixtures, as 
in the alkylation of active methylene compounds having 
two or more acidic hydrogen atoms. In reactions carried 
out with strong bases and non-hydroxylic solvents 
poly-substitution became a significant side reaction. 
In the case of acetone, for example, it was possible to 
obtain the mono- (59), 1,1- (60), 1,3- (61), 1,1,3- and 
1,1,3,3- (62) substituted products. The amount of 
polysubstituted product could be reduced by adding 
excess of the starting carbon acid to the reaction 
mixture. 
j . /\ + GH]COCH3 
'N 0 excess 
Et 
+ 
Et NH CO·C H==C H 'S-C H2COCHiS-CH==CHCONHEt 
(61) 
CH3COCHi S·CH==CH·CONHEt .. CH3 COCH ,(S·CH:=CH·CONHEt)z strong 
base (60) 
EtNHCO'CH==CH 'S, /S'CH==CH'CONHEt 
EtNHCO·CH.=CH ·S....-CHCOCH .......... S.CH==CH.CONHEt 
( 62) 
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The geminal nature of the substitution is to be 
e xpected from the acid-strengthening effect of the 
thioacrylamido-system, but it is significant that all 
products isolated carried at least one hydrogen at the 
carbon adjacent to sulphur. Where secondary carbon 
a cids were employed, such as acetylacetone or diethyl 
malonate , no di-substitution occurred, although the 
effect of the thioacrylamido group would ensure an 
adequate concentration of the requisite anion. This 
result was independent of the formation of an insoluble 
salt, or of the solvent system used, and was in contrast 
to the usual behaviour encountered in the alkylation 
of active methylene compounds . In view of these 
findings, it seemed clear that the ability to generate 
a carbanion adjacent to sulphur was an essential 
feature in the stability of the product and that the 
structure (57) was probably applicable , at least to all 
dipolar aprotic media used. 
The high yields of alkylmercaptoacrylamides 
greater than 90 p e r cent) , made observation of any 
reversibility in reaction di ff icult , and in order to 
obtain more decisive evidence as to the existence of 
theequilibria (Scheme 5) , an ostensible deuterium-
scrambling ef f ect , with labelled intermediates , was 
41. 
employed. 
The desired deuterated intermediates were prepared 
by the routes shown in Scheme 6, and appropiate control 
experiments demonstrated that D-exchange did not 
occur under the proposed reaction conditions. The 
HC==C'CONHEt 
o 
(EtO,C)zC H'£ )'::-0 
NH Et01EtOH 
( 63) Et 
Scheme 6 
o 
NC" ~O 
NH 
Et 
~ 0 
l=\', ~"N)'O 
Et 
acrylamide (63) was stirred with a molar equivalent of 
potassium tertiary-butoxide in tertiary butanol under 
nitrogen , and a molar equivalent of unlabelled N-ethyl-
3-isothiazolone added. The D/H ratios in the isolated 
products (64) and (65), were determined by analysis 
of the n.m.r. signals due to the acrylic and heterocyclic 
protons, using the alkyl protons as an internal 
integration standard. The results showed complete 
scrambling of the ~eactant molecules (Scheme 7). The 
D/H ratios in the isolated products were equal , and 
the deuterium content of each was half that in the 
( 
42. 
o 0 
(63) t-BuO: (EtO,C),CHi _ ~O ~ (Et02C)2~ -00 
N NH 
D(H) 
(Et02C),c H'S~o 
NH 
Et 
(64) 
Scheme 7 
Et + t-BuOH Et 
(65) 
H 
()..o 
N 
Et 
original cis-N-ethyl-3-alkylmercaptoacrylamide-2d (63). 
The equilibrium was also approached from the 
other side by stirring equimolar amounts of the salt 
(57), and 4-deutero-N-ethyl-3-isothiazolone in 
dimethylformamide for the time usually allotted. D~ 
o EtO,C),CHi ~O (Et02q~-t=\o +" \0 (1) OMF • + oH) ~~ 
Na+ NH N (2) H+ U 
(57) Et Et s-
'" ~O N 
Et 
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Analysis of the products showed that 50 per cent 
incorporation of the deuterated isothiazolone moiety 
into the salt (57) had occurred. These findings 
clearly established the reversibility of the reaction 
and the existence of an equilibrium in hydroxylic and 
aprotic solvents. 
The transition state for carbanion attack may 
be represented as (67) in which the entering carbanion 
and incipient amide ion compete for bond formation with 
sulphur. It is apparent that the direction of reaction 
to (66)or(68) depends on the relative efficiencies of 
n ~--, I , S, 0 ;=(R)C---S: - ~_ 
"N 3'" N -
Et Et 
(R)C-
.3 
( 66) (67) ( 68) 
the carbanion and the amide nitrogen, both as leaving 
groups and nucleophiles. 
55,59 
It has been postulated that overlap o f the 
negative charge on nitrogen into the vacant d-orbitals 
of the electron deficient sulphur occurs in the 
transition state, facilitating cyclisation. Although 
no comparisons are drawn for analogous displacements 
at first row elements, the rates and activation 
44. 
parameters for cyclisation (and the reverse reaction 
f · .. ) . d· 59,60 o rlng SClSSlon In lcated a considerable degree 
of interaction in the transition state, i.e., a 
transition state which resembles 3-isothiazolone more 
than cis-3-thiocyanoacrylamide. This situation is 
expressed in (69), showing S-N bond formation having 
progressed further than S-CN bond fission in comparison 
with (70) for a synchronous displacement involving 
NC- -- __ 5F=\ -)',~f::o 
"N 
(69) H 
p-orbitals. 
sF=\. 
NC-----S \-
2s-f" FO 
'N 8-
(70) H 
Although less efficient as a nucleophile, the 
extent of the interaction permits the amide group to 
eject any reasonably efficient leaving group such as 
55 
cyanide ion, sulphite ion, thiophenate ion, or 
(under suitable conditions - vide supra) the anion 
of diethyl malonate. The generation of a carbanion 
site adjacent to sulphur in the alkylmercaptoacrylamides, 
is expected to reduce the availability of the sulphur 
d-orbitals and thus provide product stabilization 
by preventing ejection. The extent to which such a 
45. 
carbanion site would overlap with sulphur is expected 
to be influenced by other factors, notably the 
competing delocalisation in the carbon acid moiety 
itself. 
In accounting for the facile displacements 
by the amide anion, use of d-orbitals was invoked. 
Controversy exists 78 as to the participation of 
d-orbitals in substitution at bivalent sulphur, and 
th . l " h d . 79, 80 1S proposa 1S 1n contrast to ot er recent stu 1es . 
In SN2 displacements at sp3 carbon, bond making and bond 
81 breaking are stated to be truly synchronous . The 
same could be true for nucleophilic displacements at 
bivalent sulphur, but, at the same time, serious 
consideration must be given to the possibility that bond 
making may be well ahead of bond breaking when the 
transition state is reached, due to the ability of 
sulphur to expand i ts valence shell. In its divalent 
state the 3pz and 3py orbitals of sulphur* are filled 
by electron sharing, but the r e remain five e mpty 
3d-orbitals of low energy. It is conceivable that 
overlap of a filled 2p-orbital with a vacant 3d-orbital 
* The general bonding characteristics of sulphur are 
dealt with in detail by Price and oae82 . 
46. 
could provide some measure of stability for the ensuing 
complex . 
In a c lass i cal theoretical paper, Craig and 
co - workers83 discussed the conditions necessary for 
the formation of chemical bonds involving d-orbitals . 
Using arguments based on overlap integrals , they showed 
that d-orbitals in sulphur could be used for p - dK 
bonding . It was apparent , however , that if the free 
s u lphur atom were taken as the model for sulphur in its 
bonding state , the d-orbitals would be far too diffuse 
t o play an important role in bonding. In a later 
model, Craig and Magnusson84 described the contraction 
o f s u ch diffuse orbitals as the result of perturbation 
b y electronegative substituents , such that overlap 
o f the contracted d-orbitals with an adjacent 2p-orbital 
wo u ld provide effective bonding . The effectiveness of 
any bonding is dependent to a certain extent on the 
energy of promotion of an electron into ad-orbital , 
and for maximum bonding using d-orbitals the 
substituents on sulphur should be strongly electro-
negative, and/or the sulphur atom should carry a 
positive charge . 
Craig ' s approach has been criticised by some 
wo rkers 85 , b u t there seems to be little disagreement 
that 3d-orbitals of sulphur can be used for bonding , 
and , in recent years , considerable theoretical 
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discussion and experimental evidence from reactivity 
data on sulphur containing molecules has accumulated 
regarding the ability of sulphur to expand its outer 
shell 57, 58. The basis of contention lies in accounting 
for it on theoretical grounds. 
Fava, Iliceto and Camera 86,87,88 have discussed 
the structure and charge distribution in the transition 
state for displacements at sulphonyl sulphur, and 
conclude that it is conceivable, but not very probable, 
that in the transition state a vacant d-orbital of 
sulphur is used. Parker and Kharasch 78 favour such 
a transition state , mainly because sulphur is more 
prone to nucleophilic attack than oxygen, which has no 
accessible d-orbitals . They argue for the involvement 
of 3d-orbitals forming a sdp3 configuration . The 
sulphur atom now has trigonal bipyramidal bonding with 
the entering and leaving groups at opposite vertices . 
In such a configuration, the central sulphur atom is 
more negative than in the original substrate, viz: 
Nu- + R-S -L - Nu---~S"----L - R-S-Nu + L-
I 
R 
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Kice and Anderson80 have examined this matter of 
timing of the several covalency changes by measurement 
of the effect of selected meta- and para-substituents 
on the rate of a substitution of the type , e.g. 
~ 2-X~5'CN + 503 
and compared the results with those for analogous 
displ acements at sp3 carbon and silicon. Despite the 
availability of the d-orbitals on sulphur, the timing 
of the various covalency changes in this nucleophilic 
substitution seem to be closely comparable with the 
timing for an SN2 reaction at sp3 carbon and quite 
different from the timing for substitutions at silicon , 
where bond making is well ahead of bond breaking in the 
89 
transition state owing to the use of silicon d-orbitals 
This conclusion is also in accord with the results of 
another study by Brown and Hogg 79 dealing with the 
effect of substituents on the rate of a nucleophilic 
substitution involving arylsulphenyl compounds. 
In a pertinent study, Kiingsberg90 has invoked 
the use of vacant 3d-orbitals to account for the 
u nexpected stability to base of the related 'thioamide' 
(72) and 'amide' (71) and the similarity of the U.V. 
spectra of both compounds in alkali . He suggested 
that no-bond resonance contributes via sulphur 
49. 
eN eN eN 0~0/NH2 ~'~0/NH2 ,0~NH2 I" T /' ~ - T /' T/'Il - II ' 1 ' 1 
5--5 0 P,5s 5--5 5 5 5--5 ' 
( 71) 
lOH-
eN 
0'~0/'NH T/' T/ IT 
5-5 0 
I 
eN 
¢rtI~H 
5-'~:-O 
(72) 
lOH-
¢~J:/NH 0 ~ ~ NH f" T/' TI - I( "''( "I 
5-5 5 5 5--S 
1 
eN 
¢~NH 
S--.'S...---S 
-' 
( 73) 
1 
eN 
0~o(s) 
S-:5'-, -NH 
( 74) 
( 75) 
Scheme 8 
d-orbital expansion (74) to electron delocalisation, 
thus favouring acidity and resistance to hydroxide ion 
attack. Even more anomalous is the acidity of the 
amide (71), which is also stable to further attack by 
hydroxyl ion. The u.v. spectra of both compounds 
in alkali are so similar that the structure (73) for 
the oxygenated ion has been proposed as an important 
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contribution to the system. This similarity is exceptional, 
if not unprecedented, for sulphur-oxygen isologs of 
any known type, and, according to Klingsberg, argues 
most cogently for an anion no-bond resonance system 
that admits an oxygen atom interchangeably with sulphur 
(73, 74). Klingsberg did not consider the question 
of 8-N bonding i.e., contributions from the structure 
(75), as demonstrated in t e related thioacryl amides. 
The arguments for 8-0 bonding (and 8-N bonding) are of 
course negative, based on the elimination of the 
reasonable alternatives as unable to account for the 
base stability or spectral similarity of the anions. 
X-ray determinations of bond distances are needed for 
conclusive proof of the structures (71), (72), and 
their anions. 
In summary it must be stated, that in spite of 
the evidence presented, it is impossible to prove that 
valence shell expansion of sulphur is involved in the 
intramolecular displacements observed in the thioacrylamide 
system. That an interaction exists in the ensuing 
approach to the cyclic transition state is undoubted, 
as evidenced by the facile displacement of a carbanion 
from sulphur. Carbanions are recognised as among the 
most effective 8-bases, and the carbon-sulphur bond is 
51. 
rarely cleaved by nucleophilic displacement on sulphur, 
except when the displacing base is another carbanion. 
Kice and Andersen80 concluded, like Fava et al87 , and 
Hogg and Brown 79 , that little, if any, d-orbital 
participation involving sulphur occurs in nucleophilic 
displacement at bivalent sulphur. The difference appears 
to lie in the stereochemistry of the molecules , for the 
thioacrylamide system is rigid and cisoid, and should 
favour overlap by virtue of the 'high' concentration of 
the amide anion in the vicinity of sulphur. A similar 
situation appears to exist in the anions (73, 74) 
examined by Klingsberg. 
From the foregoing evidence, the stability of the 
alkylmercaptoacrylamides may be expected to vary with 
the carbon acid employed in the original attack. The 
ultraviolet spectra of the species involved are 
eminently suited to a spectrophotometric study , and a 
comparison of the stability in aqueous alkali was 
investigated by examining the change in spectra with 
time. The products from reaction with acetyl acetone 
(pKa 9.0), ethyl cyanoacetate (pKa 9.0) and nitro-
methane (pKa 10.2) were stable to aqueous base; the 
product from ethyl acetoacetate (pKa 10.7) slowly 
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reverted to starting materials, while that from 
diethyl malonate (pKa 13.3) underwent reversion rapidly. 
These results are, of course, the observations of the 
rates at which equilibrium is attained and as such 
depend on the equilibrium concentration of the carbanion, 
i.e. the pKa of the carbon acid. In this respect, the 
results are quite in order; the weakest acid showing 
the greatest reversion to starting materials. However, 
the stability to aqueous base of the products from 
phenylacetylene (pKa 21), ethyl acetate (pKa 24.5) and 
methane (pKa 40) indicated that other factors were 
involved. The qualitative nature of the data does not 
permit a rigorous analysis of the situation, but the 
structure assigned to the sodium salt, such as (77), 
appears to be of particular significance. The overall 
reaction sequence is outlined in Scheme 9, and it is 
clear that the initially formed anion is the vital 
intermediate in the reversion to starting materials. 
The relative stabilities of the two anions (76) and 
(77) then emerge as being critical in determining the 
observed stability to base. 
TheEquilibrium (76) ~ (77) is essentially an 
intramolecular competition between the conjugate bases 
of two acids (C- and N-) for available protons, and 
the recyclisation of the alkylmercaptoacrylamides (78) 
I 
+ II 
( 77) 
Scheme 9 
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"< 
(R)iH1 )'::0 
NH 
H~ Et 
/ (78) 
in aqueous base can be rationalised in terms of the effects 
of solvation on this interconversion. In dipolar aprotic 
solvents, which do not readily solvate ani on s , the tautomer 
(77) will be preferred, since it involves internal dispersal 
of the charge*. Solution in water should tend to remove 
this energetic advantage of (77) over (76) thus opening 
* The lowered solvation requirements for some delocalised 
carbanions has been shown 91 in a study of base catalysed 
proton exchange in alkylammonium, phosphonium and 
sulphonium ions. S+ was positive or close to zero in 
the latter cases. 
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the way to ejection of the carbanion. Previous work 
has shown59 that the entropy of activation for 
cyclisation of cis-3-thiocyanoacrylamide is positive 
( 11 S* = 22. a e.u.) and is ascribed to the freeing of 
solvation shells as the reacting centres are brought 
into close proximity. This is in line with the 
proposal that the amide anion (76), is solvated in 
aqueous solution. 
The equilibrium ratio (76)/(77) will change with 
the carbon acid employed, and in comparing the stabilities 
of (76) and (77) it is possible to discern three extreme 
situations as visuali sed in Scheme 10. In making this 
assessment the view is taken that the efficiency of the 
carbanion as a leaving group will be reflected largely 
in the pKa of the carbon acid . 
Clas s A 77 ) 76 
Class B1 76 > 77 
(Carbanion good 
leaving group) 
Class B2 76 > 77 
(Carbanion poor 
leaving group) 
Scheme 10 
Proton resides on N, therefore 
no ejection e.g., acetylacetone. 
Proton resides on C and ejection 
of carbanion occurs e.g., diethyl 
malonate. 
Proton resides on C but no 
ejection e g., et hyl acet a te . 
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While such a hypothesis may serve as a general 
basis on which to explain the results obtained, 
intermediate cases obviously exist. For example, 
acetone probably falls between Class Bl and Class B
2
, 
since the acetonide ion must be considered a better 
leaving group than the phenylacetylide ion; in fact, 
an aqueous alkaline solution of (N-ethyl-ci s-3-acrylamido)_ 
mercaptoacetone (59) does eliminate acetone very slowly. 
---
56. 
Section 2 
The Base-catalysed Dimerisation of N-Alkyl -3-Isothiazolones 
Introduction 
In the reaction between N-ethyl-3-isothiazolone 
and primary or secondary carbon acids, substitution 
could be observed at the carbon atom(s) adjacent to 
carbonyl to the stage where only one hydrogen remained. 
It is proposed that the formation and subsequent stability 
of the product from carbanion attack arose from the fact 
that the reaction was reversible, and the product could 
be stabilised by the generation of an anion adjacent 
to sulphur. In view cf the importance of a carbanion 
site adjacent to sulphur for product stability, it was 
of considerable interest to examine the action of 
tertiary carbon acids on N- ethyl-3-isothiazolone . There 
seemed no a priori reason why carbanion attack should 
not proceed as before, although it would be anticipated 
that carbanion ejection would be favoured in the 
product, i.e., effectively no reaction due to the fact 
that the equilibrium (79 ~ 80), lies to the extreme 
left. 
(79) (80) 
S7. 
Reaction with resonance-stabilised tertiary carbanions 
A range of carbonyl-activated carbon acids 
CH 3 · CH. (C0 2 CH 3)2 ' C6HS · CO . CH (CH3 ) ·co2C2HS ' 
NC.CH( CH 3) . co 2C2HS ' C6HS·CO.CH(CH3)2 ' 
(C 2HS02C)2CH . CH2 · co2 C2HS ' was employed and the solvent/ 
base system varied from alcohol/alkoxide to dimethyl-
f o rmamide/sodium hydride. In every case the carbon 
acid was recovered unchanged, and the only product 
o f the reaction was a colourless , highly insoluble 
c ompound* . It was readily shown that neither the 
solvent , nor tertiary carbon acid , played any part in 
t h e generation of this product, which resulted from 
* This product was identical to that formed in the 
reaction between N-ethyl-3-isothiazolone and the 
secondary carbon acids, dinitromethane and 
( carbomethoxymethylene)triphenylphosphonium chloride 
in the presence of base. The carbanions from these 
strong carbon acids are poor nucleophiles and 
correspondingly good leaving groups . Thus , despite 
the presence of a potential carbanion site for 
stabilisation they do not afford alkylmercapto-
acrylamides . 
S8. 
the action of a variety of bases themselves (e.g., 
OH-, OR-, NH2_' H-) on N-ethyl-3-isothiazolone. 
Analogous products were obtained when other N-alkyl-3-
isothiazolones (alkyl = CH3' C6HS ·CH 2 ·, CH2CH2CH2C02C2HS) 
were stirred with base under nitrogen at room temperature. 
The product from N-ethyl-3-isothiazolone could be 
purified only by refluxing with a range of solvents. 
The infrared spectrum showed characteristic absorptions 
due to cc,~ -unsaturated secondary amide functions 
(3270cm- 1 , NHi 164Scm-1 , COi 162Scm- 1 , C=C), and 
dictated that S-N bond scission constituteda fundamental 
step in the mechanistic pathway. By analogy with the 
known reactions of benzisothiazol-3-ones (see General 
Introduction, p. 12), it was at first assumed that this 
product was the disulphide (81), formed by hydrolytic 
cleavage of the S-N bond. Aqueous bases similarly 
hydrolyse the S-N bond in N- a lkylisothiazolidin- 3- ones 
(82), presumably giving rise to intermediate ,8-carboxa-
'mido sulphenic acids followed by disproportionation to 
92 
the disulphides (83) . 
base. o~ \-, )~ 
NH HN 
R R 
(81 ) 
HJ ):0 
"N 
R 
• [HOS'CH2CH2CONHR] 
~ 
59. 
( 82) +5' CH2CH2CO NH R)2 
(83) 
Examination of the ultraviolet spectrum of the 
product (Amax 293sh, 306, 325 m~ ) cast doubts on the 
likelihood of a similar hydrolytic cleavage having 
occurred. The spectrum showed a substantial bathochromic 
shift compared to reported 53 disulphides of the type (81) 
(A max ca.270 m)l ), which indicated an extensive 
conjugation in the system. Proof as to the incorrectness 
of the structure (81) was given by the N.M.R. spectrum*, 
which showed the expected signals for two magnetically 
equivalent N-ethyl groups at chemical shifts close to 
those for N-ethyl-cis-3-alkylmercaptoacrylamides, but 
* The high insolubility of the dimer necessitated the 
averaging of 350 spectr a by a computer on line with 
the N.M.R. spectrometer. 
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revealed a singlet (2H)at L3.80, corresponding to the 
~-proton for such a system. The lack of vinylic 
splitting and elemental analysis (CI0HI402N2S2) confirmed 
the absence of the ~ -H and established the dimeric 
nature of the compound. The complete equivalence of 
the chemical shifts for each type of proton required a 
high degree of symmetry in the dimer. This allows only 
two structures to be written, the 2-4-bismethylene-l,3-
dithietane (84), and the isomeric 3,4-bismethylene-l,2-
dithietane (85). The former structure is favoured on 
the grounds of mass spectral evidence and mechanistic 
arguments. Et 
NH )_<S>~=O 
0=( s H 
HN 
Et (84) 
s-s 
u 
EtNHCO--f \-CONHEt 
H H 
(85 ) 
The absence of vinylic splitting in the N.M.R. 
spectrum indicated loss of the 5-proton in N-ethyl-3-
isothiazolone, suggesting dimerisation initiated through 
the 5-anion (86). The susceptibility of the S-N bond 
to nucleophilic attack would then lead to dimer formation 
by one or more of the routes outlined in Scheme 11. The 
lability of hydrogen adjacent to sulphur in heteroaromatic 
.,-
61. 
LN)~O R ~ " )~ L )~o H 5 _ -;:.0 ~ R o-::-FS ~ path (b) N N R R N-(86) R 
II P7 ,\ath(al R R 
. ~)J}JO -[~S;~JO 
~ 01(?\J- O~ \ S=C=C 
\ R NH CONHR R ( 87) ! ~ / 
H S jCONHR ) < >==\. 
RNHCO S R 
Scheme 11 
systems is well substantiated58 . Breslow93 explained 
the action of thiamine in terms of ionisation of the 
2-hydrogen of the thiazolium ring to give the intermediate 
thiazolium anion (88). He felt uncertain as to the extent 
to which the stability of the ylide involved overlap of 
62. 
the anion with an unfilled d-orbital of sulphur, owing 
to the unfavourable geometry required in the bent allenic 
structure at the 2-carbon atom (89). Imidazolium and 
oxazolium cations also exchange their 2-hydrogen, but tlE 
difference in rates of exchange relative to the thiazolium 
cation, indicate that d-orbital interaction may well be 
occurring in the stabilisation of DC-anions. 
/ 
R S I}t1 
CH3 N+ R 
(88) ( 89) (90) 
Olofson and co-workers 94 examined the base-induced 
ionisation rates of thiazolium salts and a number of 
model S-N bases in order to provide the necessary 
background for a future consideration of the importance 
of the carbene structure (90), and to test the 
geometrical likelihood of d- 6 overlap in 5-membered 
rings*. An extraordinary rate enhancement resulted 
* Quast and Hunig 95 have succeeded in producing a 
short-lived nucleophilic carbene by deprotonation of 
3-methylbenzthiazolium salts in acetonitrile with 
triethylamine. 
when a proton was on carbon next to sulphur, 
irrespecti ve of whether the ni trogen was DC or j3 to 
the positio~ surprisingly, the 5-proton in 
63. 
isothiazole was ionised more readily than the 2- or 
5-proton in thiazole as also was H(5) in the 1,2,3-
thiadiazole (91) compared to H(2) in the 1,3,4-thia-
diazole (92). 
N'/NyH 
\Sh5 
(91 ) 
Evidence to testify that dimerisation of 
N_ethyl-3-i sothiazolone involved initial abstraction 
of the 5-proton came from several experimental sources. 
5-Deutero-N-ethyl-3- isothiazolone underwent measurable 
exchange for protium in the presence of methoxide in 
methanol, as demonstrated by N.M .R. studies. Another 
experiment in which 4_deutero_N_ethyl-3-isothiazolone 
was treated similarly, resulted in dimer, in which the 
N .M. R. signal at L 3.80 was absent. This result 
confirmed the supposition that the proton responsible 
for this signal originated from H(4) in the isothia-
zolone. 
The association of dimerisation with the ability 
64. 
to form an anion in the 5-position, was further 
established by the lack of dimer formation with 
5-substituted-N-ethyl-3-isothiazolones (93 and 97), 
even under more drastic reaction conditions. Their 
syntheses are outlined in Scheme 12, and arguments 
o 
• CN·Br H-l )':::0 
NH 
Et 
(93) (94) (95) 
"'--__ 1-=-2. __ ~/ 
CH 2'N)~0 
H 
( 96) ( 97) (98) 
Scheme 12 
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as to the lack of reactivity resulting from steric or 
electronic effects at the 5-position, were dismissed 
by examining their reactivity towards carbanions (vide 
infra)*. 
Fig. 1 shows the main features of the mass 
spectra for the dimers, and Scheme 13 outlines the 
proposed breakdown pattern for the dimer (84) derived 
from N-ethyl-3-isothiazolone. The spectrum for (84) 
shows a prominent molecular ion at mle 258 which 
constitutes the base peak, and reflects the considerable 
stability of the radical ion from (84). The mass 
spectra of three related 1,3-dithietanes have been 
published recently by Yates, Lynch and weiler
96
, and 
the basic fragmentation pattern proposed corresponds 
well with that described here. 
* The addition of the elements of thiocyanic acid 
to the appropiate 3-substituted propiol amide, 
as in the original synthesis of 3_hydroxyisothiazole55 
proved unsuccessful in these cases. 5-Methyl-3-
isothiazolone (96) has been reported previously 
and its alkylation was of interest in regard to 
its potential tautomerism (see Appendix ). 
FIG.1. THE MASS SPECTRA OF THE 1.3- DITHIETANES 
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~ 17~ 
[EtNHCOCH==C==SH]+ ~ /S, 
m/e 130(83%) 79· [EtNHCOCH==C" /C=CH'C_g+ 
S 
/ \ m/e 214(95%) 
.. 1 161 '8 
[EtNHCOJ+ [COCH==C==S]+ ~ 
rrye 72 ' m/e 85 [E tNHC 0 C H==C/ f" ==cH]+ 
(17%) (75%) 's 
m)= 186(8%) 
* metastable ion 
Scheme 13 
The fragmentation path of the molecular ions 
from the dimers does not involve the loss of Sand S2 ' 
as might be expected from the alternatively proposed 
1,2-dithietane structure (85). A major fragmentation 
path involves de-dimerisation with hydrogen transfer 
(e.g., mle 130, Scheme 1 3). Examination of the 
spectrum for the deuterated dimer (99) showed the 
67. 
transfer to involve predominantly hydrogen, presumably 
via a six-membered transition state (100) as in Scheme 
14, and not deuterium as would be expected if occurring 
via the alternative six-membered transi tion state (101) 
observed by Yates et a1 96 . 
The spectra exhibit a small peak (ca. 12 per 
cent) at m/e M/2 corresponding to the formation of 
the 'thioketene' molecular ion [R.NH.CO.CH=C=S] +*. It 
is of interest to note that the preparation of bis-
(trifluoromethyl )thioketene (CF3)2C=C=S by pyrolysis 
of 2,4-bis(hexafluoroisopropylidene)-1,3-dithietane 
98 has been reported recently by Raasch . 
* The peak at m/e M/2 could have been due t o the 
dipositive M2+ molecular ion. A means of 
distingui shi ng between these interpretations is 
. ~ 
provided by. comparison of the ratios of the 
intensities of the M and M+1 peaks and of the M/2 
and the (M+1)/2 peaks97 . If these ratios are 
identical, then the peak at M/2 must be due solely 
to the dipositive molecula r ion. The measured 
ratios proved non-identical (9:2) and showed the 
'thioketene ' molecular ion makes a considerable 
contribution to the peak at M/2. 
( 101) 
! 
[EtNHCOC-C-S~ 
"( l+ (C ==CDCONHE~ 
~1 
-s 
I 
o 
! 
[EtNHCOCD==C==SD J+ 
m/e 132 
+ [EtNHCOC-C-SJ 
Sch eme 14 
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+ 
1 
[EtNHCOCD==C ==SH J+ 
m/e 131 
+ [DC-C-Sr 
69 
2,4-Dialkylidene-1 ,3-dithietanes , or desaurins, 
are a class of stable, high-melting, heterocyclic 
sulphur compounds and have been known since 187799 , 
although the correct structure was established 
unambiguously only recently by chemical 100 and X-ray 
analysis 101 . The desaurins can exist as pairs of 
geometrical isomers, but the stereochemistry is known 
only in the case of that derived from acetophenone 
(102), where X-ray diffraction showed it to be trans, 
and the 1,3-dithiete ring planar101 . The remarkable 
stability of the desaurin system 100 is attested by the 
inertness of (84) to chemical degradation with 
concentrated hydrochloric acid,and refluxing zinc 
and alkali. Treatment with bromine led to electro-
philic substitution, giving the dibromo-derivative 
(103) formed independently by the action of base on 
N-ethyl-4-bromo-3-isothiazolone (104). 
Ultraviolet data have been recorded for a 
limited number of desaurins, and indicate extensive 
. . . th t 102 conJugatlon In e sys em Conjugated systems with 
a single linking sulphur atom are not normally 
coplanar103 , and attempts to demonstrate delocal-
isation through sulphur have been inconclusive for 
this reason. The ultraviolet spectrum of the dimer 
(84) (Amax 293sh, 306 (3 6 , 600), 325(30,950) mJl ) 
70. 
0'CO~ s>=' EtNHCO",_<S < 
i <S ~o¢ l- S) ONHEt 
(84) 
(102) IB~ 
EtNHC~ S Br 
p<)=/ . 
Br S \ONHEt 
(103) 
~se 
Br 
LN~O Brz HOAc 
Et 
(104) 
shows a substantial bathochromic shift and a marked 
increase in intensity compared to the cis-3-mercapto-
acrylamides ( 80) ( Amax 275(l4000)m}l) and the 
. 143 
bis-acrylic sulphlde (lOS) (A max 209(23 , 000) mjl ) . 
This is consistent with the proposal that these 
effects are due to dipolar contributions , involving 
transannular s-s overlap ( 106), as well as the normal 
delocalisation of lone pairs from sulphur (107)103. 
71. 
( 80) (l0 5 ) 
)=<S\_(CONHEt 
EtNHCO ~ H 
+/_ / ( 84 ) , NHEt 
) /s (ONHEl: 
,,1)- _4 ---+-
EtNHC S H 
-/+ 
( 106 ) 
r
H }; }o-
- 0 'I sri 
+ H 
EtNH (107) 
Conjugat ion through the 3p-orbitals of sulphur is 
favoured by the planar geometry of the system , and 
transannular overlap is in accord with the determined 
S l -S3 and C2-C 4 distances in (102) which are 
substantially less 101 than the sum of the van der 
Waals radii . Delocalisation through sulphur is suggested102 
as the reason for the observed increase in conjugation 
in the series (108 , 109 , 110). Interaction between 
(l 08 ) ( 109 ) (110 ) 
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the oxygen and sulphur atoms may be important since 
the sulphur-oxygen distance in (102), is uncommonly 
short as in the oxygenated derivatives of thiothioph-
thens 104 . 
Mechani sm of L3-dithietane formation 
The structure of the dimers seems reasonably 
conclusive but their mode of formation provides for 
considerable speculation. There are three plausible 
mechanisms for formation, as outlined in Scheme 11, 
and all involve initial abstraction of the proton on 
the carbon adjacent to sulphur. The trans structure 
assigned to (8 4 ), is based on the stereochemical 
requirements of the 4-centre reaction mechanism (a) 
and pathway (b), and is otherwise unsupported except 
perhaps by the N.M.R. spectrum , which shows a sharp 
olefinic singlet; a mixture of stereoisomers might be 
expected to produce at least a broadening of this 
peak. The evidence does not rule out the third 
pathway (c) through dimerisation of the thioketene 
(87). Dickore and wegler 10S have reported the 
dimerisation of thioketenes to l,3-dithietanes (111), 
but did not determine the relative geometric positions 
1 2 of Rand R. A number of precedents exist for the 
73. 
decamp.,.. 
latter pathway, and in view of the great tendency 
for thioketenes to polymerise rapidly, other reactions 
described in the literature believed to involve 
thioketenes as intermediates deserve some comment. 
Apart from the perfluorinated compound (CF 3)2C= 
9B C=S described by Raasch in 1966, thioketenes appear 
to be very unstable species that cannot be handled 
under normal conditions. The few thioketenes cited 
in the early literature were later found to be dimers. 
Staudinger106 in 1920 examined diphenyl thioketene, 
but it proved so unstable that it could be obtained 
only in polymeric form. Howard,107 in a U.S. patent, 
has reported the synthesis of thioketene itself by 
the pyrolysis of t-butyl ethyl sulphide. It could 
be collected without solvent at _196 0 but polymerised 
on warming to _BOo. More recently, some in situ 
reactions of thioketenes have been proposed . Arens 
and co-workers have published the formation of 
dithioesters RCH 2CS.SR lOB from alkynethiolates (11 2) 
74. 
and alkanethiols, and S-alkyl-1,2,3,4-thiatriazoles10g 
from acetylthioalkynes R.C==C.s.COCH3 and ammonium 
azide. 
R,C-C-S'Li 
( 112) 
R'CH 'C 'SR 2~ 
I 
I 
RSH [R'C C -SH] 
1 l
I 
RSH [ RoCH==C==S] 
In both cases they presumed the intervention of 
thioketenes R.CH=C=S (tautomeric with alkynethiols 
R.C=C.SH) as an intermediate species . Direct 
formation of the dithioesters from the alkynethiols 
seemed less probable, since it is known that 
1-alkynyl thioethers add thiol at the ~ -position 
with respect to the sulphur atom110 . The same author, 
in another publication, 111 described the cleavage of 
1-acetylthio-1-hexyne (113), with primary and 
secondary amines to produce N-substituted thioamides , 
presumably via a thioketene . If (113) is allowed to 
react with a mixture of ethanethiol and sodium 
ethanethiolate in dimethylformamide , the intermediate 
thioketene is trapped to produce the dithioester 
C4HgCH2 ,CS, SC2HS' Schuijl and Brandsma l12 have 
reported a similar preparation of thioamides by adding 
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(113) Jf 
RR'NH 
• @4Hq-CH=C=~ C H 'CH 'CNRR' 4 9 2. II 
5 
ethereal solutions of lithium alkynethiolates (112) 
to an excess of an amine, using t-butyl bromide a s 
proton donor. 
In a paper more related to the present problem, 
Raap and Micetich l13 have reported the cleavage of 
l,2,3-thiadiazoles (114), unsubstituted in the 
5-position, by strong bases to give alkynethiolates 
(lIS), and their subsequent alkylation or acylation. 
To obtain an additional insight into the behaviour 
of thioketenes, Raapl14 decomposed the l,2,3-thi a -
diazoles in protic solve nts such as alcohols and 
alkanethiols, and obtaine d the expe cted thioneesters 
and dithioesters, as outlined in Scheme 15. When 
(): base, [B:ry2~J~] -_ .. N2, + R-C=C-S-
(114) (115) 
/ 
RCH ·C·ZR 
2. II 
5 Scheme 
lRZHCZ=O,s) 
~- CH==C=S ~ R-C==C-SH] 
15 
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lithium 2-phenylethynethiolate (117) in tetrahydrofuran 
was added dropwise to methano l at 0 0 , 2,W-diphenyl-1, 
4-dithiafulvene (118) (48%) was formed together with 
methyl phenylthioneacetat e (119) (18%). At reflux 
temperature a surprising 87% yield of the dithia-
fulvene was isolated. Raap explained the predominant 
formation of (118) in these reactions by the rapid 
reaction of pheny~hioketene with lithium 2-phenylethyne-
thiolate (117). Kirmse and Horner l15 have obtained 
(118) by photochemical decomposition of 4-phenyl-1,2,3-
thiadiazole (11 6 ) in benzene, a reaction which they 
believed to involve phenylthioketene as an intermediate 
(Scheme 16 ). 
[LiS'C C-%J - [Jf'C=C-SH ;= %'CH=C=S] 
(117) lMeoH 
¢" '--~ (I~ CI=CH-,0 
S-J 
(116) / 
+ ftCH2'CS·OCH3 
(119) 
( 118) 
Scheme 16 
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In the above reactions, the intervention of 
thioketenes appears to be the most likely explanation 
for the observed products. Only isolated cases of 
polymerisation are reported , and in general the 
addition of protic substances to the thioketene 
proceeded more readily*. The formation of dimers 
from N-alkyl-3-isothiazolones in high yield even in 
protic solvents - a careful search for thioneesters 
proved futile - cast doubts on the generation of a 
thioketene, with subsequent dimerisation, as a major 
pathway. The formation of dimer in an unsuccessful 
attempt to form thioamides by treatment of N-alkyl-
3-isothiazolones with base in the presence of primary 
and secondary amines, virtually excludes thioketenes 
as the reactive intermediate in the operative 
mechanism. 
The remaining mechanistic pathways (a and b) 
are very similar, differing only in the timing of 
* Dickor{ and wegler 105 reported t h at in the absence 
of sui table reag ents t hioketenes dimerised to 
l,3-dithietanes . In t he presence of nitrile oxides 
or nitrile imines they undergo l,3-dipolar cyclo-
additions to give h eterocyclic products. 
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bond breaking. It has been shown that nucleophilic 
attack at the S-N bond is in general, reversible. 
The failure to detect any product arising from proton 
capture by the intermediate (120, R=H) could be 
explained on this basis, and prompted further 
experiments to demonstrate its existence. 
N-Ethyl-3-isothiazolone was treated with base 
in the presence of an equimolar concentration of 
5-methyl-N-ethyl-3-isothiazolone. This allowed for 
an initial S-N bond cleavage to give (120, R=CH 3), 
but effectively blocked the second cleavage leading 
to dimerisation. The only products isolated were 
the dimer arising from N-ethyl-3-isothiazolone (84) 
and the unchanged 5-methYl derivative. This 
unexpected result is open to several interpretations. 
In Section 1, it was shown th&the product of 
carbanion attack at the S-N bond is not stable under 
the reaction conditions, unless it can be stabilised 
by the formation of a secondary carbanion adjacent 
to sulphur, i.e., tertiary carbanions are ineffective 
(as demonstrated earlier in this Section). In (120), 
the carbanion involved as a leaving group is tertiary 
(the 5-anion of N_ethyl-3-isothiazolone (86», and 
constitutes a potential, although poor leaving group 
+ 
/ 
R LN)~ 
Et 
~~ 
Et 
N-
79 . 
O~S 
-R 'Z'N)~O 
Et Et (1 20 ) 
O~S _ ~+ 
R £'N)'::-O 
(1 21) Et 
Scheme 17 
o n the basis of pKa. However , steric compression 
in the product (120 ) (vide infra) may enhance this 
ability to leave. In addition , steric shielding of 
t h e S-N bond by the 5-methyl substituent could lower 
the nucleophilicity of the 5-anion and combine in 
setting the equilibrium 86;;::= 120 irreversibly to 
t h e l eft . A similar situation is seen to exist with 
cycl ic ketones , which are discussed in a later Section . 
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It was suggested above that the formation of 
dimer in this experiment may have resulted from a 
steric shielding by the 5-methyl substituent, which 
slowed down attack at the S-N bond to the extent 
that dimerisation competed successfully. Such 
steric factors are known to be important in 
displacements at bivalent sulphur, as evidenced 
by the stability to most sulphur-bases, of 
disulphides with secondary and tertiary carbon 
substituents. Methyl substituents on the OC-carbon 
hinder backside displacements at sulphur45 , just as 
methyl substituents in the ethyl, isopropyl, and 
neo-pentyl halides hinder the backside displacement 
of the halide from saturated carbon l16 . In a classic 
study, Fava and Illceto86 showed the steric require-
ments for displacement at sulphur to be remarkably 
similar to those for SN2 displacement at primary 
carbon. They suggested that the preferred transition 
state geometry for nucleophilic substitution at sp3 
carbon and at bivalent sulphur were the same - a 
trigonal bipyramid with the entering and leaving 
groups occupying the apical positions. As illustrated 
in (122), a similar SN2 displacement of the amide 
anion from sulphur in N-alkyl-3-isothiazolones would 
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necessitate attack from the rear side along the axis 
of the S-N bond, resulting in steric shielding by 
5-substituents. This steric effect is observed in 
Nu 
I 
I 
I 
t:'-Iu 
. LN)~O / t) I 2 1" C=O 
I VI \ \ 
R'(CH 2)n 0 0 
Nu = nueleoph i lie site 
(122) (123) ( 124) 
the reactions of 5-substituted-N-ethyl-3-isothiazolones 
with carbanions. 5-Phenyl-N-ethyl-3-isothiazolone 
(93) was recovered unchanged from reaction with 
dimethyl malonate anion, while in the same reaction 
the 5-methyl derivative (97) gave a markedly lower 
yield of ring opened product (125) than in the 
corresponding reaction without the 5-substituent. 
Both compounds underwent attack at the S-N bond by 
Grignard and alkyl lithium reagents , with the 
5-phenyl derivative noticeably less reactive*. 
* 5-Substituents obviously hinder attack at the S-N 
bond, but not to the extent that dimer formation 
is suppressed in 5-substituted-N-ethyl-3-isothia-
zolones by steric crowding ( see p. 64) . 
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In another study related to present investigation, 
Chan63 has tried to effect an internal nucleophilic 
attack (using a carbanion as the nucleophile) on the 
. sulphur of long chain N-acyl-3-isothiazolones (123) 
o 
'r=\ C2HsMgBr S'N)'O ~ 
Et ~'Li 
(93) ~ 
1(CH302C)2CW 
no reachon 
Scheme 18 
¢ 
C H3C Hz- J )..:::0 (65%) 
NH 
Et 
ff 
n-BU'£ }::o (40%) 
NH 
Et 
CH 
(Eto2C )2C H-? )..:::0(55%) 
NH 
(125) Et 
(85%) 
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(see Scheme 4 ). This approach failed. since 
treatment with bases resulted in polymerisation , 
presumably initiated by the generation of the 5-anion 
on the 3-isothiazolone nucleus . The failure to 
react as expected can be rationalised again by 
consideration of the geometrical requirements of 
the transition state for cyclisation . A trigonal 
bipyramidal transition state (124) requires that the 
~ 
nucleophilic site be formed at carbon (6 ) while 
edge attack necessitates that the site be formed at 
/ 
carbon ( 4 ). Success of this synthetic scheme can 
be seen to be dependent on the relative reactivity 
of the various nucleophilic centres. From a 
statistical point of view the cyclisation step will 
be achieved only with some difficulty and apparently , 
an alternative reaction results due to the formation 
of the 5-anion with subsequent polymerisation . 
The potential reversibility of carbanion attack 
allows for an alternative explanation for the 
observed decrease in reactivity of 5-substituted- N-
ethyl-3-isothiazolones with carbanions . Steric 
compression in the product of attack could lead to 
an enhanced effectiveness of the carbanion as a 
leaving group , particularly in the case of 5-phenyl . It 
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can be argued this interpretation is substantiated to 
some extent by the failure to isolate the intermediate 
thiocyanoacrylamide (94) from reaction of the mercaptan 
(95) with cyano~en bromide.5-Phenyl-N-ethyl-3-isothia-
zolone was formed in high yield even under the mildest 
conditions, and proved stable to cyanide ion attack 
(cf. N-ethyl-3-isothiazolone). In cyclising through 
a transition state analogous to (122), it might be 
expected that the leaving group (CN- in the case of 
(94» would be subjected to a certain amount of steric 
compression, which enhances its efficiency. This 
explanation would not be inconsistent with the observed 
cleavage of the S-N bond in (93) by Grignard and alkyl 
lithium reagents; the very low acidities of n-butane and 
ethane make these alkyl groups insusceptible to any 
such effects in comparison with such good leaving 
groups as cyanide ion and dimethyl ma l onate anion 
Kinetics of dimerisation of N-ethyl-3-isothiazolone 
The inability to trace any of the intermediates 
(121, R=H; CH 3) (scheme 17) leads to an unlikely 
conclusion (with a reservation that ejection in (121) 
is not occurring) that bimolecular coupling (pa thway a) 
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is a more facile process than pathway b, despite the 
obvious adverse statistical factors involved. In order 
to distinguish conclusively between these two pathways, 
a kinetic examination of the dimerisation was undertaken. 
Comparison of the rate for dimerisation at 
different base concentrations should reveal which 
pathway is operative, since in pathway b the rate is 
proportional to the concentration of the 5-anion (86), 
and in pathway a the rate is proportional to the 
square of the concentration of the 5-anion. 
The reaction velocity, and the significantly 
different ultraviolet spectra of the species involved, 
were eminently suited to a spectrophotometric kinetic 
study. Accordingly, the reaction was run in ethanolic 
sodium hydroxide solutions of different concentrations 
and the dimer formation conveniently followed from 
the increase in optical density with time. The 
relative rates were found from the plots of optical 
density against time (figure 2) by comparing the 
tangents for various equal values of optical density. 
A comparison of these rates for the different base 
concentrations revealed a direct relationship, which 
eliminated pathway a, but was consistent with the 
operation of pathway b. 
00 
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The experimental evidence as to the predominant 
pathway for dimerisation of N-alkyl-3-isothiazolones 
appears conclusive, and strongly mi tigates against 
thioketenes as a reactive intermediate. N.M.R. 
spectroscopy showed that treatment of 5-deutero-N-
ethyl-3-isothiazolone with dilute sodium hydroxide, 
resulted in rapid exchange at the 5-position , together 
with 1,3-dithietane formation. This established the 
rate of deprotonation to be faster than dimerisation 
and the existence of the 5-anion as a discrete 
intermediate, i.e., the reaction proceeded stepwise. 
This finding is in contras t to the observation by 
Woodward and Olofson l17 for the action of bases on 15-
oxazolium salts (126 ) in which the ylide formed, 
(127), was only part of a transition state in a 
concerted elimina tion of the proton at C-3, and the 
ring scission to f o rm the ke tenimine (1 28). 
/ - I 
R/ ° RC+ R, ...... 0 C R, /0 C/" 'G)-R :8 I ;: N-R - II ..-- I !j c /C~ x- H/ 'C H C III II 
N'R N~ + 
( 126) ( 127) (128) 
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A similar concerted elimination must occur in 
the decomposition of 1,2,3-thiadiazoles (114) reported 
by Raap and Micetich l13 (see p. 75). If the 5-anion 
(129) possessed a finite life-time one might have 
expected the formation of a 1,3-dithietane (130) by 
a mechanism similar to that observed in N-alkyl-3-
isothiazolones. 
--
(129) (130) 
Scheme 19 
Instead, alkynethiolates (115) resulted from an 
apparent concerted loss of nitrogen follo~ed by 
isomerisation to thioketenes in protic solvents 
(Scheme 15). It can be argued that this difference 
in behaviour between 1,2,3-thiadiazoles and N-alkyl-
3-isothiazolones stems from a disparity in the leaving 
groups from sulphur. The thiadiazoles represent a 
special case, in that the leaving group is efficient, 
and, moreover, perfectly adapted to fragmentation 
with evolution of nitrogen. Its ready loss compared 
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to the amide anion which cannot fragment, may not 
permit the 5-anion a sufficient lifetime to undergo the 
alternative reaction to 1,3-dithietanes (130). 
Polymerisation of N-acyl-3-isothiazolones 
It is expected that in the N-acyl-3-isothiazolones 
the rate of deprotonation at C-5 should be raised by 
the electron-withdrawing effect and for the same 
reason, the lability of the S-N bond should increase 
(cf. protonation of 3-isothiazolone, Appendix 1). 
The combination of these two factors could result 
in a base-promoted, concerted elimination of the 
5-H with ring scission, and the observation of a 
thioketene intermediate. 
The expectation of an increase in rate of 
deprotonation is justified by the increase observed 
by Olofson et al 95 on quaternisation of the isothiazole 
(131), and the presence of electron-withdrawing groups . 
It is of interest to note that the authors reported a 
simultaneous ring decomposition in some cases, but 
made no detailed comments. The increase in lability 
in the S-N bond on N-acylation was demonstrated by 
the high reactivity shown by N-carbethoxy- and N-acetyl-
3-isothiazolones towards acetyl acetone in benzene with a 
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H5'Q H5'Q H5:Q \+ I I- N I ~ N4:2H, I /,N~H3 
CI- J3 CI-
H3 H3 H3 
(131) 
3-9 X 10- 4 7-3 X 102 6-5 X 103 
Rates of H-D Exchange at 31 0 
catalytic amount of piperidine. In comparison, 
3-isothiazolone and N-ethyl-3-isothiazolone were 
unreact i ve (Tabl e 2). 
Treatment of N-carbethoxy-3-isothiazolone with 
sodium hydride in dimethoxyethane* failed to form a 
dimer, and instead, gave a dark brown amorphous 
solid. A similar reaction occurred with the N-acetyl-
and N-formyl- analogues. As with the N-alkylated 
analogues, the reaction obviously involved abstraction 
of the C-5 proton, since no reaction occurred when the 
5-position was blocked, as exemplified with 5-methyl-
N_carbethoxy-3-isothiazo1one . Chan63 examined these 
dark brown amorphous solids , which being readily 
soluble in water were evidently sodium salts_ 
Acidification gave no low molecular weight material 
* Hydrolysis of the acyl group occurred with 
ethanolic base. 
91. 
Reactivity of N-substituted 3-isothiazolones with 
R 
H 
C2H5 
C0 2C2H5 
COCH 3 
acetylacetone 
piperidine F\ 
benzen e~(CH3CO)2'CH'S /:::::0 
NH 
R 
(132) 
Yield (per cent) of products (132) 
from reaction in benzene at reflux 
temperature after 5 hours. 
0 
8 
70 
75 
Table 2 
and the intractable residues were polymeric as 
evidenced by the absence of a discrete molecular ion 
in the mass spectrum. Analysis showed S,N, and ° to 
. be present in the expected ratios although no reasonable 
formula could be assigned. When 5-deutero-N-carbethoxy-
3-isothiazolone was treated with triethylamine in 
d 6-dimethylsulphoxide the same polymer formation 
resulted , but N.M.R. spectroscopy revealed no effective 
exchange of H5 . The intensity of the vinylic doublets 
gradually decreased and eventually vanished, 
indicating that elimination of the proton at C-5 
was concerted with ring scission, followed by 
polymerisation. This observation is comparable to 
that by Woodward and Olofson117 (vide supra) for 
the base-catalysed decomposition of 5-substituted 
N-alkyl isoxazolium salts to ketenimines, and 
implies deprotonation to be synchronous with the 
formation of a thioketene intermediate (133). 
Under the same conditions 5-deutero-N-ethyl-3-
a°'"")l 
o H U~O 
N o~ N -~>- dimer 
Alkyl Alkyl 
-
( 133) 
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isothiazolone showed no exchange and no dimerisation . 
Section 3 
Selectivity in Carbanion Attack 
93. 
The failure to obtain products from carbanion 
attack at sulphur in N-alkyl-3-isothiazolones when 
tertiary carbon acids were used, is consistent with 
the ~ priori ideas of product stabilisation. 
However, this failure cannot be taken as unequivocal 
evidence in favour of the hypothesis that attack 
does occur readily enough, but that reversion is 
extensive. For this purpose it is mandatory that the 
products from tertiary carbanion attack at sulphur 
be isolated and shown to undergo ready loss of the 
carbon acid moiety under the experimental conditions 
employed. 
Synthesis and stability of products expected from 
tertiary carbanion attack 
In Section 1 it was shown that certain carbon 
acids led to salts (134, R1' R2 = combinations of 
C2HS02C- and CH3CO-) either by self-precipitation 
or addition of ether to the reaction mixture. 
Alkylation of these salts could lead to the products 
of tertiary carbanion attack (13S), and permit the 
examination of their stability to base. 
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Attempts to alkylate these salts in hydroxylic 
solvents (and in situ) were unsuccessful, leading to 
cyclisation and isolation of the alkylated carbon 
acid. Since these salts are formed in alcohol/ 
alkoxide systems it is difficult to rationalise these 
results in terms of ejection of the secondary carbon 
acid followed by alkylation. It is probable that 
alkylation precedes ejection, which occurs via a 
proton exchange with the protonic solvent as outlined 
in Scheme 20. 
R,R,c-S~ R3 X R,Rflf--' )':::0 .. 
- 0 ROH NH NH 
Et. Et 
(134) (135) 
1 L ROH llRO-
R,RlCH-£ ~o RO- R,R2~C -, ).::-0 ejection ;.. + 
NH -N' 
Et Et 
scheme 20 
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The stability of the salts in dipolar aprotic 
solvents such as dimethylformamide and dimethyl-
sulphoxide has been established earlier, and recently, 
attention was drawn to the advantages of these solvents 
compared to alcohols or inert solvents in the 
alkylation of enol ate anions 77 ,118. The advantage 
, appears to lie in the fact that they do not solvate rhe e nolo re 
Of'llon and consJ2C}'U12(\l1 y do no\:. d ;m'ln'lsh ',rs nUc!C2ophd ;C::II- I ,O n ~~ crhs2r hOfld) l-f,e1 dol-ave 
abMj t'o so\\bte the cation, separating it from the cation-enolate 
anion pair and leaving a relatively free anion. This 
free anion would be expected to be a more reactive 
nucleophile than the ion pair. 
The alkylation of the salts under these 
conditions proved rapid and complete, depending on 
the alkyl halide used, and opened the synthetic 
route to the products of tertiary carbanion attack 
(Table 3). Alkylations were atte~pted also by 
generating the same anion from the parent alkyl-
mercaptoacrylamide in the presence of the alkylating 
agent, employing sodium hydride in dimethylformamide. 
The yields were comparatively poor due to the 
competing reaction of cyclisation of the alkylated 
product together with the fo r mation of tarry by-
products. 
(134) 
R1 
C02C2H5 
CH3CO 
CH3CO 
C02C2H5 
96. 
DMForDMSO R1R,RJCJ >~O 
NH 
El 
o 
401 N2 
( 135) 
R2 R3-x % Yield (135 ) 
C0 2C2H5 C2H502C.CH2Cl 78. 
CH3CO.CH21 65 
CH31 95 
(CH3)2cH.Br no reaction 
C02C2H5 CH31 65 
C2 H51 60 
CH3CO CH31 90 
(CH3)2CH.Br no reaction 
CN CH31 85 
Table 3 
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An interesting side reaction occurred in the 
methylation of the salt (136) from acetoacetic ester. 
Apart from the anticipated product from normal alkyl-
ation, an isomeric oily product (yield- ca.18%) was 
isolated by thin-layer chromatography, which contained 
an S-methyl group (L=7.S S) and had a vinylic coupling 
constant (J = 6.1 cis) corresponding to that for a 
cis- (3 -alkylacrylic system. The product was assigned the 
structure (138), and evidently arises from an internal 
Michael addition in the anion (136) with a subsequent 
stereoselective opening of the episulphide ring in 
(137) ( no trans isomer was observed) , as outlined in 
Scheme 21* . Similar rearrangements are not observed with 
* It is interesting to note that episulphides can be 
desulphurised to olefins by methyl iodide in a 
stereospecific manner . Helmkamp and pettit 119 have 
investigated this desulphurisation and proposed a 
involves ring 
R I H'~R 
mechanism as shown below, that 
CHS I--l 
.J 
opening of the intermediate cyclic sulphonium salt 
with iodide ion (c f Scheme 21). 
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/ 
I 
( 136) 
] =10-1 cis (137) 
(l38) 
J =6,1 cis 
Scheme 21 
other salts (134) and this particular case must 
result from a favourable combination of reaction 
rates. 
When the alkylmercaptoacrylamides (135) were 
treated with aqueous base, they proved to be unstable 
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breaking down rapidly to the tertiary carbanion and 
t h e dimer ( 84) , which presumably results from the 
action of base on the N-ethyl-3-isothiazolone formed 
(by the expulsion of the tertiary carbanion) . Since 
these tertiary carbon acid products have no hydrogen 
on the carbon adjacent to sulphur , their ejection by 
the amide anion is uncomplicated by the formation of 
a carbanion at this site , and is simply a function 
o f the leaving group efficiency of the tertiary 
carbanion . As expected, this efficiency is broadly 
related to the pKa of the departing carbanion . An 
u ltraviolet spectroscopic study of the breakdown in 
aqueous solution placed the carbanions in the order , 
CH 3 ( CH 3CO • ) 2C 
CH3 ' ( C 2HS0 2C) 2C 
» 
for the ease of displacement. 
From these results it now appears that dimer 
formation can be expected under circumstances when 
its rate of formation (ka ) exceeds that of carbanion 
attack (k s ), and/or the equilibrium constant KT 
permits a reasonable concentration of N-ethyl-3-
isothiazolone to survive . The latter circumstance 
will occur only if the rate of ejection of the 
carbanion (k e ) is finite. In this case it is evident 
t h at the dimer formation is largely a matter of 
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reaction time allowed, since an irreversible / 
displacement of the equilibria in Scheme 22 towards 
dimer will occur ultimately. 
II 
ka 
4 I 
J 
(84) 
Scheme 22 
Competition in dibasic c a rbon acids 
In carbonyl-stabilised carbon acids there are 
generally two potential carbanion (enolate anion) 
sites, which may differ in pKa as well as in their 
rates of deprotonation. The interesting reversibility 
of attack by carbanions at the S-N bond, coupled 
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with the potential ability of primary and secondary 
carbon acids to stabilise the products of such attacks, 
made it of intrinsic interest to examine the effects 
of such competition. It is worthwhile considering 
the situation in some detail prior to the presentation 
of experimental data, since the reversibility of 
attack coupled with product stabilisation introduces 
complexities that do not exist in alkylation, which 
is irreversible. 
Scheme 23 diagramatically represents the 
equilibrium relationship of the various reactants 
and products in the reaction of N-ethyl-3-isothiazolone 
wi th two competing enolates, C1 and C2- I from the 
dibasic carbon acid HC 1 ,2. If, for the moment we 
ignore the proton exchanges, C2N 
C1N ~ CiS then at equilibrium the rate of attack 
by the enol a te C2 equals its rate of ejection thus, 
(i) 
similarly, 
(ii) 
and we can write, 
(iii) 
It can be seen from this equation that the product 
C'2£ )::::0 C-
1 ~; __ ~,~ -N Et (C2 N) 
HC1,2 d' Et I ~ «"--; (I) V c1J )::::0 k-2. C-
-N 2 
Et 
(C1 N) 
Scheme 23 
K2 
~ 
~ 
K1 
~ 
r-
C2 £ }~O 
NH 
Et 
(C2S) 
crl )~O 
NH 
Et 
(C1S) 
f-' 
o 
N 
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ratio [C2N]/ [C1N] is controlled by two factors viz., 
the ratio of the rates of reaction for the competing 
enolate anions k2 [C2 -]A1 [Cl -], and the ratio of 
their efficiencies as leaving groups k- 1/k-2. 
Experimental studies 121 ,124,125,128 have shown 
that the rate of reaction of an enol ate anion with 
a given alkylating agent is not altered markedly by 
changing the number of alkyl substituents on the 
enol ate anion* . This suggests that in a situation 
where product stabilisation by the formation of a 
carbanion adjacent to sulphur is absent (K1 and K2 
are very small or zero), then the product ratio 
[C2N];[C1N] will be a function of the relative leaving 
group efficiencies of the competing enolate anions . 
This efficiency is related broadly to pKa, and in a 
dibasic carbon acid it is expected that the product 
from the least acidic (less efficient) carbon acid 
centre should be favoured i.e., the product from the 
least stable (minor) enol ate anion . In the absence of 
any effective reversibility (k- 1 and k - 2 are negligible) 
the product ratio will be controlled by the relative 
* In alkylations the amounts of monoalkylated products 
formed often follow closely the composition of the 
enol ate anion mixtures. 
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nucleophilicities and concentrations of the enolates , 
and the situation as realised in alkylation is approached . 
Consider now the effect o f product stabilisation 
from the proton exchanges , C1 N ~ C1S and C2N ~ C2S*. 
We can wri t e , 
( iv ) 
Substitution in equation (iii ) gives 
Equ ation (v ) shows that under s u ch circumstances , the 
product ratio [ C2S]/[C1S] is no longer solely a 
f u nction of the leaving group efficiencies of the 
c ompeting enolates . It is influenced by the ratio 
o f the equilibrium constants K1 and K2 ' and if there is 
any extensive secondary stabilisation of either C2N or 
C1N , then the ratio will have considerable bearing 
on the final product composition , and may eclipse any 
considerations due to leaving group efficiencies . 
This overriding effect has been seen already in the 
reactions with acetyl acetone and ethyl acetoacetate 
Reaction occurred only at the secondary carbanion 
site despite the fact that the rate of ejection for 
* Th is product controlling effect will be termed 
secondary stabilisation . 
the primary carbanion would be substantially less 
than that for the secondary carbanion (in terms of 
pKa ) . In such dibasic carbon acids K20 will be 
several orders of magnitude greater than K10 and 
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consequently can exert a product controlling effect. 
In the examination of other competitive 
situations aimed at testing the generality of the 
circumstances formulated above , it was necessary 
that complete equilibration of the mixture of the 
competing enolate anions and products be attained. 
House and Trost 120,121 h h th t th f t ' ave s own a e orma 10n 
of enol ate anions f r om polybasic carbon acids is 
kinetically controlled in aprotic solvents, and 
the composition of enol ate mixtures formed under 
such conditions differed substantially from 
equilibrium mixtures present in protic solvents. 
As a consequence, it was possible to prepare from 
dibasic carbon acids different enol ate anion mixtures, 
which reflected either kinetic or thermodynamic control 
by the appropriate choice of reaction conditions . 
For these reasons, plus the fact that ring scission is 
exceedingly slow in aprotic media when secondary 
stabilisation is involved , competitive experiments 
were restricted to an alkoxide/alcohol system . 
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Tne first dibasic carbon acid examined was 
ethyl1-methylacetoacetate. This represented an 
extreme case in that, apart from an overwhelming 
disparity in pKa between the two carbon acid centres 
one is tertiary and therefore, likely to be ejected 
more rapidly by the amide anion (it is a better 
leaving group as well as being unable to stabilise 
by carbanion formation in the product i.e., 
K101) K30). The product from reaction was, as 
expected, that from attack by the primary carbon 
acid centre (139), as shown by the absence of the 
CO-CH3 singlet in the N.M.R. spectrum. As with 
other primary carbon acids e.g., acetophenone, a 
small yield of the disubstituted product (140) was 
obtained. To provide an additional check, the 
p~oduct (141), expected from tertiary carbanion 
attack, was prepared (vide supra), and shown to 
give the same products when treated with the same 
base/solvent system. These results are rationalised 
readily in terms of the much lower rate of reversion 
to starting materials in (139) compared to (141), 
and the preferential stabilisation of (139) due to 
the possible formation of an anion adjacent to 
sulphur. 
+ LN)::a 
Et 
DtvlF 
Scheme 24 
(139) 
+ 
(141) 
107. 
l)::a 
NH 
Et 
The nature of the conversion (141) to (139) 
did raise the possibility of an intramolecular 
rearrangement through a four-centre transition 
state (142). In order to confirm that this was not 
occurring, and that ejection of the tertiary 
Et02C"s- F) CH -C----S -3 . -0 I s-: NH 
COCH2 Et 
~ (142) 
/EtO-
Et02C n 
CH -(-S '0 3/ " 
CH3CO NH Et 
(141) 
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(139) 
carbanion was the energetically preferred pathway, 
the reaction was followed by N.M.R. spectroscopy. 
The rearrangement of (141) in d 4-methanol/d 3-methoxide 
showed an almost immediate loss of the vinylic 
doublets (J=10.1 cis) with the simultaneous 
appearance of those for N-ethyl -3-isothiazolone 
(J=6.4 CiS); these in turn slowly disappeared and 
were replaced by another set of vinylic doublets 
(J=10.0 CiS) characteristic of (139). The concomit-
ant loss of the -co.CH3 signal established unequiv-
ocally, that no intramolecular contribution to the 
rearrangement was involved in this case. 
It was expected that an analogous series of 
reactions would be observed with the ~ -diketone 
analogue 3-methyl-pentan-2,4-dione (143), since the 
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same arguments appear to be valid. Surprisingly, 
this proved not to be the case. When the reaction 
was carried out, the major product isolated had lost 
an acetyl group from the carbon acid, without any 
apparent migration to the primary carbon centre. 
The product anticipated from the tertiary carbanion 
attack (146) was prepared in the usual way, and could 
be converted smoothly to the same product as was 
obtained from the tertiary carbon acid itself. The 
structure of this product (147) followed unequivocally 
from its N.M.R. spectrum, and it became a matter of 
critical importance to establish at which stage the 
cleavage of the 'acetyl group had occurred. Fortunately, 
an N.M.R. examination of the compound (146) in 
d4MeOH/d3-methoxide permitted direct observation of 
this,and established the intermediacy of N-ethyl-3-
isothiazolone in the conversion to (147). This 
observation confirmed that cleavage of the diketone 
had occurred only after the expected ejection of 
the tertiary carbanion, and the apparent absence of 
migration to the primary carbon site was, in fact, 
not due to a lack of ejection, but to preference 
for attack by the secondary carbanion site in 2-
butanone formed in the cleavage. This was verified 
CH3 I 
CH3C 0 'CH'COCH3 
(143) 
"-
" EtO-
" 
" 
+ LN'lo 
Et 
(146) 
Scheme 25 
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+ 
(147) 
(148 ) 
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by examining the reaction with the enolate mixture 
from 2-butanone itself, and isolating only (147) 
along with a small amount of the disubstituted product 
(148). This preferential attack by the secondary 
enol ate anion will be discussed in detail when 
dealing with the reactions of other unsymmetrical 
ketones (vide infra). 
It is of some interest to note, that in view of 
the activating influence of the mercaptoacrylamide 
system, the base-induced cleavage of the~-diketone 
should be substantially faster in (146) than in the 
parent carbon acid. The fact that cleavage does 
not occur in this manner signifies the rapid and 
extensive rejection of the tertiary carbanion by the 
amide ion. It appears that re-attack by the primary 
carbanion site, as observed with ethyl 1-methylaceto -
acetate, cannot compete successf~lly with the normal 
cleavage of the ~ -diketone*. 
* The same product could have resulted by a cleavage 
in (145) formed from the expected rearrangement of 
(146) to the primary carbanion site, followed by a 
further rearrangement as outlined in Scheme 26. This 
112. 
Continued from p. 111. 
( 146) ( 145) 
1 
(147) (149) 
Scheme 26 
route vIas ruled out by the N.M.R. study, which failed 
to show, the intermediacy of either (145) or (149), and 
the expected poor rate of eject~on in (149) cf. 
(N-ethyl-cis- 3-acrylamide) mercaptoacetone (5 9). 
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Reaction with unsymmetrical ketones 
In seeking to rationalise the observations 
for carbanion attack and product stability in 
section I, a rough classification of carbanions was 
presented (Scheme 10) in terms of their efficiencies 
as leaving groups from sulphur (assessed in terms 
of pKa), and the equilibrium between the two basic 
centres in the intermediate product anions (150) 
and U51). Three extreme sets of situations were 
ejection 
(150) (151) 
recognised, although it was clear that intermediate 
cases existed. The slow elimination of acetone from 
(N-ethyl-cis-3-acrylamido)mercaptoacetone (59) in 
aqueous base, classified ketones as tentatively 
falling between Class B1 and Class B2 carbanions, and 
suggested that tertiary carbanion attack might be 
successful for this discrete group of carbon acids. 
In the experiments described above using 
tertiary carbon acids, the question of proton 
transfer between the two basic centres (15~ and 
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(151) did not arise, and ejection followed automatically 
provided the carbanion possessed any efficiency as 
a leaving group. Consequently, the situation in 
I-methylacetoacetic ester involved little or no real 
competi tion, since the primary centre was opposed 
to a totally inefficient tertiary centre i.e., 
K3o. It was of more 
interest to examine some cases where the competing 
carbanion centres were equated more closely in 
leaving group efficiencies . For these reasons, 
simple unsymmetrical ketones were selected. 
Reaction with ketones that can form structurally 
isomeric enolate anions raises two questions : which 
enol ate will predominate in the equilibrium mixture, 
and which monosubstituted structure will predominate 
in the reaction product? Both pKa measurements 122 ,1 23 
and a number of preparative experiments 124 ,1 25 attest 
to the fact that if one of the structurally isomeric 
enolate anions is stabilised by an oc-substituent 
such as a phenyl group , a vinyl group , a carbonyl 
function, etc ., then essentially only this highly 
stabilised enolate is formed. For unsymmetrical 
ketones with only alkyl groups as oC-substituents , the 
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various potential effects including destabilisation 
of resonance structure (152) (for electrostatic 
reasons) and stabilisation of resonance structure 
(1 53) (by hyperconjugation) appear to be approximately 
balanced. As a result, the equilibrium between 
R-C -CH-(H g 3 
( 152) 
R-C ==CH-CH 3 I 0-
( 153) 
structurally isomeric enolates of this type may be 
influenced not only by the structure of the ketone, 
but also by factors usually considered of minor 
importance, among them the identity of the cation 
and the nature of solvent 125 (vide infra). 
House and Kramar124 have made several 
generalisations* following measurement of the 
equilibrium concentrations of isomeric enolates for 
a number of selected ketones: (1) acyclic ketones 
of the type R2CH.CO.CH2R form the less highly 
substituted enolate R2CH-C = CH.R as the predominant I 0-
* These generalisations are not in agreement with an 
earlier suggestion125 ,127 that the more highly 
substituted enol ate will be more stable. 
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structural isomer; (2) ketones of the type R.CH 2CO. CH 3 
form approximately equal amounts of the structurally 
isomeric enolates if R is an unbranched alkyl group, 
and form predominantly the less highly substituted 
enolate FCH 2- y = CH2 if R is a branched alkyl grouPj 0-
(3) cyclic ketones afford approximately equal amounts 
of the structural isomeric enolates. 
Since the energy differences between many of 
the enolates studied are small (1 kcal/mole or less) 
appreciable changes in the position of the enol ate 
equilibria are observed by changing the cation or 
solvent. In general, changing from a lithium to a 
potassium enol ate shifts the equilibrium toward the 
less highly substituted enol ate anion, whereas changing 
the solvent from the relatively nonpolar 1,2-dimethoxy-
ethane to the polar dimethyl sulphoxide will favour 
the more highly substituted enolate. 
Conia125 and others121 ,128 have shown that the 
rate of reaction of an enol ate anion with a given 
alkylating agent is usually not markedly altered by 
changing the number of alkyl substituents on the 
enolate anion. Consequently, the amounts of mono-
alkylated products formed , often reflect the 
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composition of the enolate anion mixtures*. This 
generalisation is only valid provided dialkylation 
is not a serious competing reaction, since mono-
alkylated products may react subsequently with base 
at different rates to form anions that are themselves 
alkylated . Failure to consider this factor, and to 
ensure that equilibration is achieved among the 
v arious enol ate anions , appears to account for 
spurious observations 125 ,127 as to the relative 
stabilities of the different enolates (vide supra). 
The potential reversibility of reaction with 
N-ethyl-3-isothiazolone is in contrast to the 
irreversible nature of alkylation, and has raised 
the interesting possibility of whether the direction 
of reaction with an equilibrium mixture of enol ate 
anions is influenced by their relative leaving group 
efficiencies (or stabilities), and not their relative 
concentrations and nucleophilicities . In order to 
establish the degree of leaving group efficiency 
that might be expected from ketones in general , the 
* This observation indicates that the reaction of 
the enolates with certain alkylating agents is 
. . . 124 
more rapid than thelr lnterconverSlon . 
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symmetrical ditertiary carbon acid 2,6-dimethyl-
cyclohexanone (154) was employed as a standard, and 
dimer formation was used as a gauge for the extent 
of ejection. The reaction of (154) with N-ethyl-3-
isothiazolone in the presence of potassium tert-
butoxide and tert-butyl alcohol was quenched after a 
short reaction time, and the product (155) isolated. 
On extending the reaction time increasing amounts of 
dimer were formed, and to ensure this did not result 
directly from unreacted N-ethyl-3-isothiazolone* 
o 0-
MeDII Me MeOMe t-BuO- " ______ .1 + 
t"------
t-BuOH 
(154) / 
H S CONHEt 
>==< )-< EtNHCO s H 
(84 ) 
Scheme 27 
()::o -
Et 
R MeF\ Me~s ~.::O 
V Et 
(155) . 
* House and co_workers 129 have estimated that the fraction 
of such cyclic ketones converted to their enolate anions 
under these conditions is approximately 15 per cent. Since 
a molar equivalent of base is used, dimer formation could 
have resulted directly from unreacted N-ethyl-3-isothia-
zolone and the excess base. 
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the pure product ( 155 ) was subjected to the same 
r eaction conditions with the same results . This 
clearly establ ished that reac t ion with , and ejection 
o f ter t iary carbanions of this type does occur, 
although ejection is slow . The increasing extent of 
dimer formation with time is ascribed to the 
i r reversible displacement of the equilibrium to the 
left ( Scheme 2 7). 
React ion of the tertiary-secondary carbon 
acid 2-methylcyclohexanone under the same experimental 
conditions , led to the two structural isomers (159) 
a nd ( 160 ) and the disubstituted product (161). The 
proportions of the monosubstituted products were 
e stimated from the N. M. R . spectrum of the crude reaction 
mixture as 65 per cent of the 2 , 6-isomer (160) , and 
35 per cent of the 2 , 2-isomer (159) . Lengthening 
the reaction time did not change these proportions 
s ubstantially , showing that this was a true equili-
b rium ratio . 
Th e N.M. R . spectrum of t h e separated 2 , 6-isomer 
showed the presence of only one of the two possible 
stereoisomers (cis ( 160 a) and trans (160b» . This 
was assigned the cis configuration , which can exist 
(in a more stable configuration ) with both subs t ituents 
e quatorial . The 2 , 2-isomer is expected to be formed 
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(157) 
(156) (20%) ( 158) (80%) 
( 161 ) ( 160b) 
Scheme 28 
with the mercaptoacrylamide group predominantly in an 
axial position , since the formation of the enol ate 
anion by an energetically favourable pathway requires 
that the orientation of the C-H bond broken , be 
130 perpendicular to the plane of the carbonyl group . 
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This should result in the incoming group (N-ethyl-
3-isothiazolone) approaching predominantly from the 
axial side as appears to occur in alkylation and 
Michael additions. 
Efforts to obtain the 2,2-isomer free from 
contamination by the 2,6-isomer proved unsuccessful, 
and the need for a pure sample in subsequent experi-
ments necessitated its synthesis by another route 
as shown in Scheme 29. The base-catalysed Michael 
addition of 2-methyl-2-mercaptocyclohexanone (162) 
proceeded in a trans manner to give a product 
identical with (159). 
8 PI 
O CH3 so CI ~,H3 2 2 ~ '(I C(14 NaOH 
(157) ( 162) 
(159) 
Scheme 29 
It is apparent that the monosubstituted products 
from (157) contain substantially less of the 2,2-
isomer than would be expected from the position of 
122 . 
equilibrium for the enolate anions (156) and (158) 
1 24,129 (Scheme 28 ). Results obtained for methylation 
and Michael addition of these enol ate anions show that 
the rate of reaction for the more hindered enolate 
anion ( 158) is comparable with that for the less 
hindered anion ( 156). The fact that the proportion 
o f the 2 , 2-isomer is less than the equilibrium 
c oncentration of its enolate anion (158 ) therefore 
s uggests that a product equilibrium is being 
established by the interconversion of the 2 , 2-isomer 
and 2 , 6-isomer* . When (159) was, in fact , subjected 
separately to the same reaction conditions , the 
same equilibrium mixture of products was obtained as 
from direct carbanion attack . It is significant that 
complete conversion to (160) did not occur, implying 
that rejection of the secondary carbanion must 
b e occurring as well, despite a potential carbanion 
site adjacent to sulphur. Furthermore , it shows 
* Th e other possibility of the 2 , 2-isomer being 
consumed by disubstitution at a rate greater 
than the 2 , 6-isomer was disproved by running 
t h e reaction with excess ketone (to reduce 
d isubstitution), and obtaining substantially 
the same ratio of products . 
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that secondary stabilisation is not an overriding 
factor in this case as with 1-methylacetoacetic 
ester. Results to be discussed indicate that ketones 
may be relatively indifferent to any such effect, 
which leads to the conclusion that the product 
composition is controlled by the difference in the 
efficiencies of the competing enolates (156) and 
(158) as leaving groups, and as such should favour 
the product from the least stable enol ate (156). 
In the case of the acyclic ketone 2-methyl-3-
pentanone (164), reaction with the enol ate mixture 
under the same conditions afforded the two products 
(166) and (167) with the tertiary substituted product 
(166) predominating . This preferential reaction with 
the least stable enolate anion is in contrast to 
( 163) (164) (165) ) 
(167) 
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alkylation124 , which occurs predominantly with the 
more stable, less highly substituted enolate (165). 
A similar situation occurred in the reaction with 
2-butanone (144), which led exclusively to the product 
(147) from the least stable enolate. Since there is 
every reason to suspect that reaction of the more 
hindered enol ate will be comparable in rate or 
slower than the corresponding reaction with the less 
h i ndered anion, the composition of the products support 
the implication that rejection of the secondary (and 
tertiary) carbanion site does occur, and as such 
experimentally demonstrate the significance of the 
equilibrium between (150) and (151), as proposed in 
the original classification Scheme. 
The predominant formation of the tertiary 
substituted product (166) indicates an absence of, 
or diminished effect of, any secondary stabilisation , 
since its presence in this case could only favour 
the product from the secondary enolate anion (165). 
Under these circumstances the product equilibrium 
will be a function of the relative rates of ejection 
of the competing enolates , and consequently favour 
the least stable enol ate anion as is observed. In 
the case of 2-butanone, both enolates are capable 
of providing secondary stabilisation . In view of 
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the acid weakenin;r effect of alkyl groups in other 
b ' d 122,123 't' d h h 'd ' car on aC1 s , 1 1S expecte t at t e aC1 1ty 
o f the secondary carbon acid centre will be lowered 
by at least 2 pKa units compared with the primary 
carbon acid centre. This suggests any stabilisation 
should favour the primary enolate , and since this 
does not occur, the same arguments as applied to 
2-methyl-3-pentanone appear to be valid. 
An extreme example of the situation is seen in 
the reactions with 2-phenyl-3-pentanone (168), 
1-phenyl-2-butanone . (169), and phenylpropan- 2- one 
(170) (Scheme 31). These ketones alkylate almost 
exclusively adjacent to the phenyl group due to its 
dominant effect in controlling the direction of 
enolate formation ( ) 95 per cent)124. This 
selectivity is complete~reversed with N-ethyl-3-
isothiazolone, and monosubstituted products resulted 
solely from the minor enolate anions . It is 
significant that in these reaction there is no 
apparent product control by secondary stabilisation , 
despite a wider disparity in pKa between the reacting 
carbon acid centres compared with that in the ketones 
discussed earlier . This implies that secondary 
stabilisation does not occur to any great extent 
in the ketones examined, and the product compositions 
a re determined by the difference in the efficiencies 
126. 
H 
~ 
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of the competing enolate anions in leaving sulphur. 
This difference will be related broadly to that in 
pKa between the different acid centres of the 
dibasic carbon acid, or in effect, the difference in 
the stabilities of the derived enol ate anions. 
General discussion 
In the reactions with unsymmetrical ketones, 
the view was adopted that the composition of products 
could be a function of the relative leaving group 
efficiencies of the different enolate anions as 
measured by pKa,i.e., controlled by the rate of 
ejection of the poorer leaving group. This is an 
oversimplification of the situation* . The reactions 
under discussion are equilibria, and the positions 
of equilibria will be controlled by the relative 
* This simplification arose in part, from an 
assumption based on experimental results for 
alkylation of enol ate anions , that the competing 
enolates react with N-ethyl-3-isothiazolone at the 
same rate (see equation iii, p 101 ). This 
implies that the lower nucleophilicity of the more 
stable enolate (compared with the minor enol ate) 
is compensated for by its greater concentration. 
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displacing tendencies towards sulphur of the attacking 
carbanion and the displaced amide anion. The 
displacing tendency of a nucleophile under these 
conditions is determined by a balance of its nucleo-
philicity and its efficiency as a leaving group. The 
amide group is of constant strength in both roles, 
and the positions of equilibria should permit 
comparisons in displacing tendencies of nucleophiles 
at sulphur, or comparisons in what Parker131 termed 
sulphur-basicities. Expe rimental results indicate 
that this situation will hold for carbanions derived 
from unsymmetrical ketones and tertiary carbon acids. 
It will not hold for carbanions from secondary carbon 
acids such as diethyl m~onate, acetylacetone, etc. 
In these cases product control by secondary stabilisation 
can occur and outweigh any considerations due to 
sulphur-basicity. 
In adopting this terminology, Parker accepted 
Swain and scot~s132 original proposal that nucleo-
philicity relatesto rate phenomena and basicity to 
equilibria. This avoided the confusion between 
thermodynamic and kinetic attributes , which account 
for the poor correlation between nucleophilicity and 
proton-basicity when the displacing atom of the 
nucleophil e is changed. He suggested that the displacing 
129. 
tendencies of a nucleophile NU at sulphur, carbon, 
and hydrogen are best compared through the equilibrium 
constants of reactions (vi), (vii) and (Viii ). This 
thermodynamic affinity for elements other than 
NU- + RS-X ~ RS-NU + X .............. (vi) r----
NU + R3C- X -----> R3C-NU + X 
- (vii) 
-----
_ ............ 
NU- + H-X ~ H-NU X - (viii) .----- + _ ............ 
hydrogen, was termed sulphur-basicity, and carbon-
basicity for equilibria involving displacements at 
sulphur, and carbon, respectively. Just as one can 
draw up a series of pKa values for anions with 
hydrogen, with a standard displaced group (e.g., 
water) it is possible to obtain an equivalent series 
of sulphur-basicities with a suitably labile group as 
reference (e.g., the amide anion in N-ethyl-3-isothia-
zolone). Equilibrium constants for a variety of 
displacements at sulphur can then be predicted. 
In earlier publications Parker and Kharasch 45 ,133 
had reviewed and investigated nucleophilic displace-
ments at sulphur in disulphides. Unfortunately, at 
the time they used the term nucleophilicity indiscrimi-
nately, to describe both thermodynamic affinity for 
sulphur and rate of reaction. Parker131 subsequently 
recognised the distinction in terminology (vide supra), 
130. 
and in a later paper134 studied equilibria for a 
number of displacements at sulphur . The order of 
affinity for divalent sulphur showed that sulphur-, 
hydrogen- , and carbon-basicities were not necessarily 
parallel*. The available data placed carbanions 
amongst the most powerful bases , but referred 
specifically to Grignard reagents. In addition the 
data is mainly qualitative, involving a diversity in 
leaving groups , and does not discern subtle differences 
within the bases as exemplified by carbanions. It 
is not the intention in this thesis to establish any 
such scale for sulphur-basicity, since this 
necessitates the determination of rates and equi librium 
constants for proper assessment , but the utility of 
the 3-isothiazolone system is evident in this respect 
from the reactions with carbanions, and other nucleo-
h OI 55 P 1 es 
* It is expected that for a given group of nucleo-
philes (e.g ., carbanions) containing the same 
nucleophilic atom, and of which the structural 
features in the immediate vicinity of this atom 
are similar , sulphur-basicities will correlate 
reasonably well with their proton-basicities. 
131. 
The term sulphur-basicity is convenient in that 
it provides a true measure of the 'effectiveness' of 
a nucleophile by taking into account simultaneously, 
both its nucleophilicity as well as its efficiency as 
a leaving group. In doing so, it reveals nothing of 
the factors that determine these intrinsic properties 
of the nucleophile. 
In devising the classification of carbanions 
in Scheme 10, the view was taken that the greater the 
anion stability of the displaced carbanion, the more 
effective is the leaving group . In the recyclisation 
of cis-alkylmercaptoacrylamides as in other nucleophilic 
substitutions, the forma tion of the transition state 
involves a transfer of charge towards the displaced group. 
Consequently, the ease of displacement should increase 
with increasing stability of the displaced anion; thus, 
in the product from say, diethyl malonate, as the group 
departs the developing negative charge can be effectively 
delocalised in comparison to acetone, and facilitate 
the ende rgonic process of bond cleavage. While this 
approach is satisfactory within a discrete group such 
as carbonyl-activated carbon acids, it is recognised 
that rates of ionisation are perhaps more relevant 
{i.e., loss of the anion from the transition state 
132. 
R3C -:- - __ - --H- ---- - - : B) , since substituted nitro-carbon 
acids are conspicuou s ly slow in ionising in relation 
t o their acid strengths . In their derived carbanions , 
charge is localised largely on the more electro-
negative atoms and consequently both proton abstraction 
and donation at carbon is slow compare d to carbon 
acids whose carbanions have charge more concentrated 
on carbon . In contrast , the cyano-activated carbon 
acids ionise faster, and their carbanions are captured 
faster than their dissociation constants would suggest . 
In these anions , charge delocalisation is probably less 
t h an in the carbonyl-stabilised carbanions , for which 
the correlation between rate of ionisation and pKa of 
122 , 135 
carbon acid is good 
It is to be expected that other factors will 
influence the rate of carbanion displacement from 
sulphur and account for any non-linearity in the 
b asicity-leaving group relationship . Increase in 
t h e size of the displaced carbanion would offer 
greater steric interference in the approach of the 
amide anion and hinder the displacement. On the 
o ther hand , such a steric factor could aid departure 
due to an expected increase in compression in the 
transition state for ejection . Other more moderate 
133. 
changes in structure may significantly alter the rate 
of ejection. For example , conformational reasons 
predict that the rate of ejection in the 2,2-isomer 
derived from 2-methylcyclohexanone would be greater 
than that from the 2,6-isomer. The former must exist 
in an equatorial-axial configuration, which can assist 
the departure, since the developing charge is oriented 
favourably for overlap with the K clouds of the car-
bonyl group. The 2,6-isome r can exist in a diequatorial 
configuration, which cannot provide the same assistance. 
A comparison of the nucleophilic reactivity of 
carbanions is somewhat more complex, being a function 
of the pKa (concentration of the anion at equilibrium) 
as well as intrinsic nucleophilicity (avidity of the 
reagent). The extent of delocalisation which is 
inversely related to the pKa of the acid , can be 
expected to be inversely related to the nucleophilicity 
of the carbanion. In this respect, a poor nucleophile 
(highly delocalised carbanion) will be present in 
"higher c oncentrations under the basic conditions, and 
its effectiveness will be a matter of balance between 
these two factors. This aspect was shown in the 
reactivity of carbanions from the strong carbon acids, 
134. 
din~tromethane , benzoyl acetone and carbethoxymethylene-
triphenylphosphonium chloride . Despite their obvious 
high concentrations , and the availability of a 
potential carbanion site for stabilisation, these 
carbanions did not effectively cleave N-ethyl-3-
isothiazolone , and dimer formed . 
In general nucleophilicity-basicity correlations 
do not exist except within narrow limitations (vide 
supra). Penetrating discussions 132 ,1 36-l39 of the 
factors affecting nucleophilicity have been offered 
during the past few years . Edwards and pearson136 
have discussed three factors which determine nucleo-
philicity, viz , basicity , polarisability , and the 
' alpha effect ' , arising from unshared electrons on 
the atom adjacent to the nucleophilic site . The 
question of assistance from polarisability is probably 
not so relevant to the observed displacements at 
s ulphur by carb anions . polarisability in multi-atomic 
systems , such as carbonyl-stabilised carbanions , will 
correspond largely to relocalisation of the displaced 
charge - a factor which is broadly taken into account 
in the pKa of the carbon acid . It is expected that 
within a discrete group s uch as carbonyl-stabilised 
carbanions the ' alpha effect ' factors will hold constant, 
but differ on comparison with other groups of carbanion s . 
135. 
In their discussion of nucleophilic reactivity, 
Pearson and Edwards 136 omitted solvent effects even 
though there has been a long implicit recognition that 
solvation can affect nucleophilic reactivity. It is 
now recognised that solvation is one of the most 
important factors controlling nucleophilicity, and 
recently both Johnson?6, and parker?? have reviewed 
the subject. It is interesting to note that despite 
an established increase in the reactivity of carbanions 
in dipolar aprotic solvents as compared with protic 
solvents, the ring scission of N-ethyl-3-isothiazolone 
proceeded at a significantly reduced rate in these 
solvents (DMF , DMSO) for Class A and Class B1 
carbanions. It is now apparent that reaction with 
these carbanions depended on the presence of 
secondary stabilisation, and in its absence would not 
have occurred due to unfavourable sulphur-basicities 
(cf. total ejection of carbanions from tertiary 
carbon acids of comparable PKa) . The answer must be 
in the diminished rate of proton transfer necessary 
for this stabilisation in dipolar aprotic solvents, 
compared with protic solvents . 
136. 
From the above discussion it can be seen that 
any parallelism drawn between the basicities of 
carbanions as measured by pKa, and efficiencies as 
leaving groups is at the best tenuous, as is any 
relationship between product compositions and pKa of 
the competing carbanions. The discussion raises 
several interesting questions, which await an accurate 
assessment of the situation by measurement of the 
rates and equilibria involved in these reactions. 
parker131 ,140 has shown that protic solvents 
differentiate and dipolar aprotic solvents level 
nucleophilic tendencies towards carbon, but that 
protic solvents level and dipolar aprotic solvents 
differentiate carbon-basicity. Similar attempts to 
examine the question of medium effects on sulphur-
basicity failed, because the displacements were too 
fast for measurement of rates. The rates for attack 
and ejection of cyanide ion with 3-isothiazolone 
(Appendix) indicate the suitability of this system 
for such a study, and an investigation has commenced 
in an effort to clarify this, and other problems 
discussed above. 
137. 
Section 4 
3-Isothiazo1ones as Precursors in Heterocyclic Synthesis 
React ions with N-substituted-3-isothiazolones 
The reaction of N-substituted-3-isothiazolones 
with carbanions proved disappointing as a pathway to 
heterocyclic systems by the routes outlined in Scheme 
63 
4 (Section 1). Chan showed that attempts to effect 
an intramolecular attack (171)~(172) suffered 
from either hydrolysis of the N-acyl substituent, 
or resulted in polymerisation of the substrate ,via 
the formation of the 5-anion in the isothiazolone 
nucleus. Similar attempts to generate a carbanion 
(171) (172) (173) 
in long chain N-alkyl-3-isothiazolones with terminal 
acyl substituents (173) failed due to dimerisation, 
as did reactions in which Grignard reagents were 
formed in the terminal position of long chain N-alkyl 
halides . 
138. 
The reversibility of carbanion attack at the 
S-N bond in N-ethyl-3-isothiazolone, coupled with 
its ease of dimerisation, frustrated any attempts 
to cyclise the intermediate cis-alkylmercaptoacryl-
amides to 1,4-thiazepines (174),viz. 
or to observe internal Michael additions :-
The u se of milder bases in aprotic solvents e .g., 
piperidine in benzene to prevent dimerisation, 
resulted in decomposition of the reactants (H 2S 
evolved) due to the highe r temperatures necessary 
to achieve ring scission . Poor yields of cis-
alkylmercaptoacrylamides were obtained in most 
cases . Reaction with N_acyl-3-isothiazolones 
under similar conditions substantially increased 
the yield of ring opened products (see Table 2 
139. 
p. 91 ). These N-acylated cis-alkylmercaptoacrylamides 
proved remarkably stable to aqueous base and acid, 
when compared with the corresponding N-ethyl compounds, 
but slowly cyclised to 3-isothiazolone and carbon 
acid during the hydrolysis of the de-activating 
N-acyl group. 
The single success achieved , came from the 
condensation with propiolic ester followed by an 
intramolecular nucleophilic attack at the O(-carbon 
of the intermediate alkynylmercaptoacrylamide to 
give the 1,3-thiazine (176) in low yield (44%). 
Nucleophilic attack at the ~ -carbon could have led 
to a 1,4-thiazepine derivative (177). This 
alternative structure was ruled out in view of the 
well documented 141 ,142 attack by strong bases at the 
oC-carbon in 1-alkynylthioethers of the type (178), 
and comparisons with the spectral properties of 
analogous 1,3_thiazines 143 . The N.M.R. spectrum of 
(176) s howed coupling of 1 cis between H6 and the 
exocyclic methine proton , which suggested a through-
conjugation via the sulphur atom. Simil ar couplings 
H'C==C-C02Et 
+ 
L.N\~O 
Et 
140. 
Scheme 32 
are observe d between HS and the formyl proton in 
N-formyl-3-i sothi azolone (J = 1.0 cis), and in the 
corresponding 2-formyl-thiophene (J = 0.9 c/s)144 . 
Nu- = strong base 
RO" / _ RO" / SR/ 
C-C ==C-S-R + Nu - C-C==C 61 61 "'Nu 
(178 ) 
141. 
The success of the reaction with propiolic 
ester appeared to stem from the irreversible 
formation of the alkynylmercaptoacrylamide (175), 
coupled with the ability of the ester group to 
stabilise the subsequent nucleophilic attack. 
Reaction with phenylacetylene under the same 
conditions gave the intermediate alkynylmercapto-
acrylamide (179) which did not cyclise despite 
drastic c onditions. This lack of reactivity can 
be accounted for in the inability of the phenyl 
group to provide sufficient stabilisation for the 
nucleophilic attack at the triple bond. A similar 
reaction with l-butyne-3-one gave only tarry 
materials. 
In view of the established nucleophilicity 
of diazo compounds 145 , further approaches to the 
synthesis of 1,3-thiazines were made as outlined in 
Scheme 33. These reactions failed even with the 
more labile N_acyl-3-isothiazolones, as did the 
142. 
/ 
R,- + / (-N=N ~R / R/ . ~ / ~S + N ~-CO 
LN)::::o 
L. ~ 
- REtN~ +N2 7 EtN- I 
II 
Et 0 0 
Scheme 33 
reactions with isocyanides, despite similar claims 
of their carbanionic nature in reactions with ketones 
under certain conditions 146 . The failure to observe 
any ring scission with these reagents must be ascribed 
to their very low nucleophilicity*. 
Reactions with 3-isothiazolone 
The ease of dimerisation associated with 
N-alkyl-3-isothi azolones , coupled with the reversibility 
* It is well known 145 that diazo compounds are able 
to fragment into nitrogen and carbenes, but under 
the conditions employed no extensive decomposition 
was observed . 
143. 
of carbanion attack at the S-N bond, made these 
compounds highly unsuitable as precursors for other 
heterocyclic systems. 3-Isothiazolone does not 
dimerise although it decomposes to tarry materials 
on extended refluxing with strong bases*. It 
proved 
attack 
unsuitable as a substrate to mild 
55 
since its acidity (pKa 7.2 5) is 
carbanion 
such that 
only the anion would be present in any appreciable 
concentration under the reaction conditions. However, 
by employing excess base condensation was achieved 
in some cases to give o(-pyridones . Though this 
reaction is of little synthetic value due to the 
low yields and isolated successes , the products are 
of considerable mechanistic interest. 
When 3-isothiazolone was refluxed with an 
equimolar quantity of diethyl sodiomalonate in 
ethanol for extended times, and the reaction acidified , 
only starting materials and tarry by-products were 
* 3-Isothiazolone undergoes very slow exchange of the 
5-H for deuterium in the presence of normal sodium 
methoxide in deutero-methanol. 
144. 
recovered. On the addition of a further equivalent 
of sodium ethoxide, the same reaction afforded a 
colourless crystalline product (52%) which had a 
marked staining effect on human skin. The reaction 
was accompanied by the evolution of hydrogen sulphide, 
and analysis (C8H904N) of the compound revealed the 
absence of sulphur. Examination of the N.M.R. spectrum 
showed the presence of a pair of vinylic doublets 
(J=9.9 cis), an ester grouping, and a broad low 
field absorption (2H). Treatment of the compound with 
diazomethane, and re-examination of the N.M.R. 
spectrum, revealed the appearance of two methoxyl-
groups, which led to the conclusion that the 
compound was ethyl-2,6-dihydroxynicotinate (180), 
and that its methylated derivative had the structure 
(181). This compound had been reported previously 
by Guthzeit and Laska 147 in 1898, who synthesized 
it by means of heating isoaconitic acid ethyl ester 
with ammonia as outlined in Scheme 34. Spectroscopic 
comparison of the compound from the condensation of 
diethyl malonate and 3-isothiazolone with a sample 
prepared by this method , showed them to be identical. 
Treatment of (180) with concentrated hydrochloric 
acid did not afford 2,6-dihydroxynictotinic acid 
148 
owing to its apparent facile decarboxylation , 
145. 
(180) ( 181) 
Scheme 34 
and instead gave 2,6-dihydroxypyridine hydrochloride, 
identical in all respects with an authentic sample. 
Reaction of 3-isothiazolone with ethyl aceto-
acetate under the same conditions afforded the 
~-pyridone , ethyl 2-methyl-6-oxynicotinate (182) 
(48%), whose spectral data and melting-point were 
. d t ' 1 h db ' d 1 149 1 e n lca to t at reporte y Ramlrez an Pau 
for the product from palladium-dehydrogenation of 
( 183) . 
146. 
(18 3) 
Scheme 35 
A few experiments were carried out to determine the 
o ptimum experimental conditions for the formation of 
( 180) and ( 182 ) ; it was found that the highest yields 
were obtained when excess carbon acid was employed 
(up to a molar equivalent) and high temperatures were 
u sed despite the concomitant increase in tarry products . 
Low yields resu lted whenever the base concentration was 
l ess than two molar equivalents , or if the strength 
o f t h e base was increased e . g ., potassium tert-butoxide 
i n ~-butyl alcohol . Reaction did not occur in aprotic 
media . 
147. 
Further condensations were successful only in 
isolated instances and CC-pyridones were isolated in 
varying yields as outlined below . No c<-pyridones could 
be recovered from the reactions with the following carbon 
acids: benzoylacetone, ethyl cyanoacetate, diethyl 
methylmalonate, ethyl-1-methyla cetoace ta t e and 
2-carbethoxycyclohexanone. 
, )- +n('COCH CO Et (2x)NaOEt 
'N '0 'f' 2 2 EtOH 
H reflux 
.,EtOlC0 
0~N:JOH 
(42%) 
0'0 I ~ 
CH3 N OH 
(34%) 
CHj:O~ 
---~ 1L .. ~ CH3 N OH 
(56%) 
Scheme 36 
14$. 
Possibl e reaction mechanisms : 
There are three reasonable mechanisms for the 
formation ofoC-pyridones as exemplified with 
diethyl malonate . 
Mechan ism A: 
(18 4 ) (185 ) j 
-
(186) 
The first mechanism involves an initial ring scission 
to yield the intermediate alkylmercaptoacrylamide 
(184), which can cyclise to the 1,4-thiazepine (185) 
by loss of ethanol . This species could then extrude 
sulphur via the episulphide intermediate (186), the 
loss of sulphur being facilitated by the aromatisation 
149. 
of the product . A number of precedents exist for 
this mechanism. The ring scission of 3-isothiazolone 
has been demonstrated for cyanide ion* and other 
nucleophiles 55 , and although scission failed for 
resonance-stabilised carbanions at low temperatures, 
it is expected to be more favourable at elevated 
temperatures. Further extrusion of sulphur, presumably 
via an episulphide intermediate, has been reported for 
d · b 14th ' . 150 h ' . f' . f 1 enzo- , - lazeplnes . T e JUStl lcatlon 0 
episulphide intermediates in these and related cases 
of sulphur extrusion is found in the base-promoted 
decomposition of arylated or acylated episulphides , 
which yield ethylene derivatives 151 . 
* Cyanide ion attack is very dependent on pH. 
Ultraviolet studies indicated that the attack 
60 
occurred only to a very small extent at pH >10 
150. 
Mechanism B : 
I 
(180) 
In mechanism B, the alkylmercaptoacrylamide 
(1 84 ) undergoes an internal Michael attack to yield 
the episulphide (187). This is followed by loss 
of sulphur to give the (3 -alkylacrylamide (188), 
which then cyclises. An analogy for the formation 
of the episulphide intermediate has been seen 
previously in the observed S-alkylation ( as well as 
C-alkylati on ) of the salt (136) from ethyl aceto-
acetate (Scheme 21 , p. 98) . 
151. 
Mecha nism C 
-
(189) 
Et02Cn I _4-
HO N~ OH 
R2CHh 
Etos -=O.-l-
N 
H2 
(180) 
(190) 1.~disproport i ona t i on (191) 
(180) -
(188) 
R2.CHh ~ S-S =0 + ( 188) 
N 
H2 
(192 ) 
J 
152. 
The final mechanism C involves the Michael 
addition of the carbanion at C-5 in 3-isothiazolone, 
followed by scission of the isothiazolidin-3-one 
ring (189) with base, and subsequent breakdown to 
the alkylacrylamide (188). The breakdown may be 
rationalised as being initiated by the formation of 
a carbanion beta to sulphur in the sulphenic ester 
(190), or alternatively, in the disulphide (191) 
formed from its disproportionation. This mechanism 
is not lacking in precedent since the Michael 
addition of carbanions to~,~ -unsaturated amides 
is well documented 152 . Further, the S-N bond in 
isothiazolidin-3-ones is reported to be hydrolysed 
rapidly by aqueous base and acid to give disulphides, 
which arise presumably from an intermediate 
92 
carboxamide with an W -sulphenic acid group . The 
base decomposition of organic sulphides is well 
known 45 ,47,153. Experimental evidence supports 
the view that there are at least two and perhaps 
more operative mechanisms 153 The propose d beta-
' d d 154 ,155 f f' t 
elimination mechanism is conSl ere 0 lrs 
importance in the action of base on some disulphides, 
and although free sulphur is not one of the 
prominent products of such decompositions (no free 
sulphur could be detected during the oC-pyridone 
formation) this does not necessarily constitute an 
obj ection to the scheme . It is well known that 
elemental sulphur dissolves in hot base to form a 
variety of products 156 . 
153. 
Mechanistic Studies : All three mechanisms can account 
for the lack of reactivity with the tertiary 
carbanions e.g ., diethyl methylmalonate , ethyl 1-
methylacetoacetate and 2-carbethoxycyclohexane. In 
mechanisms A and B, tertiary carbanion attack at 
sulphur is not expected to be successful (cf. 
tertiary carbanion attack on N-ethyl-3-isothiazolone) . 
In mechanism C, the use of excess base and high 
reaction temperatures is expected to promote 
extensive reversal of the Michael reaction in the 
case of tertiary carbanions 152 Moreover , the 
second step in all three mechanisms cannot be 
accomplished if the attacking carbanion is terti ary. 
Alkylmercaptoacryl amides such as (184) are 
common intermediates to both mechanisms A and B, 
but not to mechanism C. In order to rule out , or 
v erify the first step of mechanisms A and B, the 
154. 
alkylmercaptoacrylamide (191) was synthesised by 
the route outlined in Scheme 37. The structure of 
(191) was well supported by elemental analysis and 
spectral data (infrared, ultraviolet and N.M.R.), 
which were very similar to those displayed by the 
related N-ethyl-mercaptoacrylamide. Similar attempts 
to prepare the analogous alkylmercaptoacrylamide 
from ethyl acetoacetate failed due to the ejection 
of the carbon acid during hydrolysis of the 
N-carbethoxy (or N-acetyl) group. 
The potential intermediate (191) proved stable 
in aqueous base and ethanolic sodium ethoxide at 
room temperature. On refluxing with sodium ethoxide 
in ethanol, decomposition occurred, and the only 
product recovered was 3-isothiazolone together 
with tarry materials . No trace of the ~-pyridone 
(192) was detected. 
The failure to obtain any ~-pyridone from 
(191) unambiguously excluded mechanisms A and B in 
the case of acetyl acetone , and cast strong doubts 
on their general validity as pathways for other 
carbon acids . The formation of dimer on ref1uxing 
the alkylmercaptoacrylamides (193) from N-ethyl-3-
(C H3CO)2CHZ 
+ 
L )~O 
N 
C02Et 
piperid ine 
benzene 
reflux 
Scheme 37 
155. 
(191) 
isothiazolone with sodium ethoxide in ethanol , showed 
that ejection did occur in these cases and that 
ejection could be expected in the corresponding 
alkylmercaptoacrylamides from 3-isothiazolone (if 
fo:::-med) . 
Such reversibility of carbanion attack on 
3-isothiazolone would constitute a valid reason for 
rejecting mechanisms A and B as routes to the 
ce-pyridones observed. Moreover , the stability 
towards ejection of the carbanion in (191) is 
exceptional, due to strong secondary stabilisation , 
156. 
NaOEt . . EtOH~ ejection --~ dimer 
reflux 
(193 ) (84) 
Scheme 38 
i.e., it is the most favourable case for pyridone 
formation by mechanisms A and B. The absence of any 
significant conversion (191 ~ 192) must therefore 
be taken as strong evidence against these mechanisms. 
In the r emaining mechanistic pathway C (also 
in B) , the ~ -alkylacrylamides are obligatory 
intermediates , and their subsequent cyclisation is 
an essential step in the mechanism. The proof of 
their existence and ease of cyclisation to oC-pyridones 
( no intermediate ~ -alkylacrylamides were traceable) 
was therefore of utmost importance, and it was hoped 
that the Michael addition of carbanions to propiolamide 
might afford the desired products. The addition of 
propiolamide to diethyl sodiomalonate in absolute ethanol was 
157. 
exothermic and resulted in the precipitation of the 
sodium salt of the 2,6-pyridinediol (180) identical 
with that obtained from the condensation of diethyl 
malonate with 3-isothiazolone. other condensations 
NaOEt 
~ 
EtOH 
(188) 
AtOH 
Et02CQ /H+ JL ~ (84%) 
HO N" OH 
(180) 
Scheme 39 
were equally facile , and all the previously described 
cC-pyridones were prepared by this procedure in high 
yield (60 -8510 ). It is intended to examine the scope 
of this reaction as a general synthesis of oC-pyridones . 
157 Barat has reported a similar synthesis in 
which ~, f3 -acetylenic ketones were reacted with 
cyanoacetamide as shown in Scheme 40. This reaction 
undoubt edly proceeds via a Michael-type condensation 
on the ~ -carbon of the acetylenic 
158. 
ketone. As in the condensations with propiolamides 
+ 
" R = phenyl, R = alkyl or aryl . 
Scheme 40 
these reactions gave higher yields with sodium 
ethoxide as catalyst than with piperidine . 
The successful condensation of carbanions with 
propiolamide to yield DC-pyridones demonstrated the 
feasibility of the latter steps in mechanism C, and 
testified to its facility . The preliminary steps 
in the mechanism are based on plausible analogies , 
but the lack of reactivity in the attempted 
condensation of resonance-stabilised carbanions 
with 5-methyl-3-isothiazolone may be significant* . 
* This lack of reactivity prompted a renewed interest 
in thioketenes as intermediates (Section 3 ). 
However, the exceedingly slow rate of exchange of 
5-deutero-3-isothiazolone even at high temperatures 
(cf. 5-deutero-N-ethyl-3-isothiazolone) showed that 
thioketenes need not be considered . 
159. 
Steric factors are known to play an important part 
in the failure of Michael reactions 152 . Furthermore, 
retrogression is more likely to occur when the 
condensation is slow , and one of the main reasons 
for slow condensation is the presence of substituents 
at the DC, ~ - double bond of the acceptor molecule . 
This could account for the failure in condensation 
158 between ethyl acetoacetate and 3-methyl-2-cyclopentenone 
as well as 5-methyl-3-isothiazolone. It may be noted 
further, that mechanism B can still operate despite 
the presence of the 5-methyl substituent since 
although the S-N bond was shown to be sterically 
hindered , ring scission did occur in 5-methyl-N-ethyl-
3-isothiazolone with resonance-stabilised carbanions 
(Section 2). 
In conclusion it can be said that although the 
final arguments are not conclusive, the experimental 
evidence indicates that the predominant , if not the 
only mechanism for the formation ofCC-pyridones from 
3-isothiazolone is pathway C. 
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Appendix 1 
ISOTHIAZOLE CHEMISTRY 
IV.· CYANIDE CLEAVAGE OF THE S-N BOND IN 3·HYDROXYISOTHIAZOLE 
By W. D. CRowt and 1. GOSNEyt 
[Manuscript received June 13, 1967] 
Summary 
I ucleophilic attack on 3·hydroxyisothiazole by cyanide ion, yielding cis·3-
thiocyanoacrylamide, has been investigated over the pH range 0·00-5·50. Rate 
constants have been mea ured both for direct attack by cyanide ion and from 
the effect of cyanide ion in retarding the cyclization of the thiocyanoacrylamide; 
in both cases the derived rate constants agree. The pH- rate profile of the reaction 
reveals the existence of two kinetically discrete mechanisms. Within the range 
5·50-4·00 the dominating mechanism is one involving a slow direct attaek on 
3·hydroxyisothiazole itself, while at pH less than 3 ·50 the conjugate acid of this 
molecule is subjected to a much faster attack. Equilibrium studies have been 
made for the system, and the effect of temperatW'e on the equilibrium constant 
has been u ed to derive thermodynamic parameters. 
INTRODUCTIO 
The cyclization of cis-3-thiocyanoacrylamide has been shown1 to occur by 
two kinetically distinct mechanisms, depending upon thE:' operant pH. The amide 
itself undergoes cyclization to the conjugate acid of 3-hydroxyi othiazolet at a 
rate independent of pH, the product undergoing rapid proton 10 s to the solvent 
(pathway I) . At pH greater than 3· 5 this mechani m, while till operative, becomes 
insignificant in com pari on with a rapid unimolecular cyclization of the thio-
cyanoacrylamide anion (pathway II) . 
The mechanistic ituation is adequately ummarized in Scheme 1, which also 
gives the appropriate activation parameter. The most striking difference between 
the two pathways is een in the re pective!::l. * term . Pathway I hows the mali 
negative value to be exp cted from the los of rotational freedom in the cyclic 
transition state; in addition it must be noted that the movement into the transition 
state is accompanied by the development of charge (and thus olvent-ordering). 
In the case of pathway II, the value obtained is, of course, dependent on the a umed 
value of K .. , but it is unlikely that any lowering of!::l. * would result if the correct 
• Part III, Aust. J. Chem., 1966, 19, 1693. 
t Ch mistry Departm nt, Australian ational Univorsity, Canb rra, A.C.T. 2600. 
. t This name is used throughout, although it is rocogniz d that the molecule is about half 
3'lsothiazolone in aquoous so lu~ion. 
I Crow, W . D ., and Gosney, 1., Aust. J. Chem., 1966, 19, 1693. 
Aust. J. Chem., 1967, 20, 2729-36 
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value of K .. were known, for the assumed value is already high for an amide of 
this twe. The appearance of disorder on moving into the transition state was 
ascribed to the freeing of solvation shells as the and S atoms approached. 
Pathway I 
NC-SC)=O _"_,_ NC (;)=0 K, sCJ=o 
"., N 
H2 H2 H+ H 
Pathway 11 
NC-Q=O K. w9-sf7;)=0 "2 l::)=o C N N 
H2 H H H+ 
Scheme l.-Cyclization mechanisms for cis_3·thiocyanoacrylamide. Pathway I: 
k, 4.5 x l0-& sec-'; pK, -0·33 ± 0·03; tJi* 20·7 kcal mole-1 ; t;.S* -9,5 e.u. 
Pathway II: K. assumed 10-', giving k. 10 · 4 sec-1 ; tJi* 22·6 kcnl mole-'; t;.S* 
22·0 e.u. 
R ather more interest was attached to the reverse reaction , that of nucleophilic 
attack on sulphur with fission of thc S N bond, for this opened the way to a number 
of synthetic pathways which are currently under investigation. It had been 
established2 previously that an equilibrium existed between cyanide ion and 
3_hydroxyisothiazole on the one hand, and cis-3-thiocyanoacrylamide on the other. 
Thus the mechanism for attack by cyanide ion should show a similar duality, i.e. 
reversal of the pathways I and II . It was the purpose of this investigation to establish 
the predicted mechanisms, and to determine the thermodynamic parameters for 
the equilibrium. 
KINETIC METHODS 
In the previous study of the cyclization reaction, it was establish d that the 
reaction went to completion under the conditions employed, where the only source 
of cyanide ion was from the cyclization itself. The absence of the reverse reaction 
(the subject of the current investigation) was a fortunate consequence of the low 
dissociation constant3 (6·17 X 10- 1°) of hydrocyanic acid, and permitted a simple 
treatment of the experimental data. In the present work it was necessary to obtain 
concentrations of cyanide ion of the order of 10- 7M at pH value of 0-6. It was 
clear that the concentrations of reagents neces ary to attain this would be far froro 
ideal, but previous experiments with buffers of varying strength had alreadY 
established that the reaction was not particularly sensitive to changes in ionic 
strength . The problem of toxicity could be surmounted by standard laboratory 
• Crow, W . D., and L eonard, . J ., J . org. Chem., 1965, 30, 2660. 
3 Izatt, M., et al., Inorg. Chem., 1962, 1, 828. 
loss of 
reflects 
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of methods, but special precautions were necessary (particularly at low pH) to prevent 
loss of the volatile hydrocyanic acid from concentrated aqueous solutions. The 
acid was generated by acidification of solutions of purified potassium cyanide, 
rather t han by accurate measurement of the pure acid. While this offered greater 
I : 
e.u. 
I:!.S* 
that the 
source 
convenience (and possibly accuracy), special measures were necessary to dissipate 
the heat of neutralization without loss of the acid. 
Since there was no way in which the product of the ring fission reaction, 
thiocyanoacrylamide, could be prevented from recyclizing, the treatment of the 
kinetic data required a slightly more complex formulation . The observed rate 
constants WoOl and k~2) contain contributions from kl and/or k2, depending upon 
the pH selected for the particular experiment. F or this reason initial runs were 
made at pH 5 ·00, where at least only one of t hese factors need be considered. 
Under t hese condition the net rate of di appearance of 3-hydroxyisothiazole is given 
by the expression 
(1) 
Under the conditions of the experiment, in which a high concentration of hydrocyanic 
acid was always present, and pH was maintained con tant, changes in [CN-] and 
[H ] during the course of the reaction could safely be ignored , with a consequent 
simplification of equation (1). 
- d[isoT]/dt = k~2[isoT] - k;[TCA] (2) 
This is t he familiar case of oppo ing first-order reactions, and with t he usual 
absorbance notation, is de cribed by equation (3) . 
(3) 
Since k; i already known from previous work,l this permit the derivation of k~2; 
alternative sub t itution from the equilibrium condition results in rearrangement 
to equation (4) , and direct calculation of the desired rate con tanto 
(4) 
In an alternative exp rim ntal approach to the problem, a tudy was made of 
the effect of added cyanide ion on the rate of cyclization of cis_3_thiocyanoacrylamide. 
The r tardation ob erved could be ascribed directly to an added contribution 
from k_2 to the overall rate. Since thi constitutes an approach to the same equilibrium 
from the opposite sid , the ituation is adequately descri bed by equation (3), which 
was used to proce t he results in t he u ual way. 
R E ULTS AND DISOUSSION 
The experimental requirement of equation (3) is that the approach to 
equilibrium be fir t order. The derived ra te constants k~2 and k_2 are given in Table 1 ; 
although the individua l rate plots were quite sati factory, the variation in k_2 
reflects to some extent the difficulty in accurately establi hing pH and cyan ide ion 
concentration simultaneou ly. 
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The rate factor k'-2' calculated from equation (4), permits the di section from 
the overall observed rate factor the value of k; , and it is reassuring to observe that 
the values so derived compare very well with the directly measured1 value of 
TABLE 
RATE AND EQUILIBRIUM DATA FOR THE SYSTEM cis_3_THIOCYANOACRYLAMIDE-3-HYDROXYISO-
THIAZOLE IN \VATER AT pH 5 -00 AND 25° 
10'[CN -]" [TCA] 10- 111(,. b 103(k~+k'-,) 10sk'-, 10-
sk_.c 
--
(I. mole- 1 
(mole 1.-1) [isoT] (expt_) ( ec-1) (sec- ') sec-') 
6-17 0-61S 1 -00 1-72 0 -64 1-03 
12-34 1-114 0 -90 2-39 1 -34 1 -09 
IS -51 1-776 0-96 3 -24 2-07 1 -12 
24-67 2-426 0-99 3-S1 2-73 1 -10 
30-S5 3 -253 0-94 4 -45 3 -41 1 -10 
6 -17' 0 -613 0-99 1 -76 0 -67 1-0 
12 -34' 1 - 145 0-93 2-50 1-34 I -OS 
30 -S5' 2-S10 0-91 4 -05 2-99 0 -97 
"Calculated from dissociation constant for HC J = 6 -17 X 10- 10 _ 
b Experimentally derived from 1(,. = [TCAJ/[isoT][H +][C -] -
C k'-, /[CN-]_ 
10Sk~ 10- 11K,." 
(sec-') (calc_) 
I -OS 0-95 
1 -05 1- 04 
1 -17 0 -96 
I -OS 1 -02 
1 -04 1-06 
1 -09 0-00 
1 - 16 0- 93 
1 -06 0 -91 
"Calculated from equation (6)_ Mean = 0 -9Sx l 0"_ 
'These results refer to cyclization of thiocyanoacrylamide; others are C - attack on 
isothiazole_ 
1 -09 X lO-3 sec-I_ Variation of the concentration of cyanide ion established the 
linear dependence of the rate of ring Ii sion on this variable, as seen in the constancy 
of the derived rate constant k_2-
TABLE 2 
pH DEPENDENCE OF CYANIDE ION ATTACK ON 3-RYDROXYISOTHIAZOLE AT 25° 
pH 
[CN-] 103k'-, 1O- 3k_z lO- ok_zJ[H+] 
(mole 1. - ') (sec-') (1. mole- ' sec- ') (J.2 mole- z sec-') 
5-50 12-34 X 10- ' 1 -31 ± 0-05 1-06 -
5-00 12-34 x l0- ' 1 -34 ± 0 -05 1 -09 -
4 -50 12 -34 X 10- ' I -51 ± 0-06 1 -22 -
4 -00 12 -34 X 10-' 2-26 ± 0 -09 1 - 3 -
3 -50 12-34 x lO- ' 3-S2 ± 0 -15 3 -10 6 -33" 
3 -00 12 -34 X 10- 8 0 -76 ± 0-05 6-17 5-0S" 
2 -00 12 -34 X 10- · 0 -59±0 -05 47 -7 4-66" 
[ -00 12-34 X 10- '· 0 -47 ± 0-03 377 3 -76" 
0 -00 12 -34 X 10- 11 0-55 ± 0- 03 4510 4-51" 
-
• orrected for a contribution of 1 -09 X 103 from pathway II. This raLc constant is actually 
k'-. or k _.1(, of Scheme 1. Calculation of k _, giv s a moa n value of 2 -12 X 100 I. ' molc- ' seo-'-
Having e tablished the reliability of the exp rimental method , the effects of 
pH were next examined_ In Table 2 the effects of the experimental difficulties 
are clearly shown on examination of the observed rate factors (column 3) for pH 
mental 
·95 
· 04 
·96 
·02 
·06 
·90 
·93 
·91 
on 
the 
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value less than 3· O. In these cases a standard cyanide solution was adjusted to 
rach of the required pH value , thus ensuring as far as pos ible that the ion product 
[H+][CN-] would be constant. While the dissociation constant for hydrocyanic acid 
may be expected to show some variation with concentration and pH, there can 
be little doubt that the wide rate variations observed are largely due to the experi-
mental difficulties encountered in this region. 
6 
L-~O--~----~--~3----L---~5 ---{-
pH 
Fig. i.- Variation of rates 
with pH at 25°. 
• Measured value ; 
.. corrected for alternative mechanism. 
The pH-rate profile, hO\n1 in Figure 1, indicates the existence of the two 
mechanisms expected from consideration of the previous results. In the lower 
pH range (0' 0-3'0) nucleophilic attack by cyanide ion hows direct dependence on 
hydrogen ion concentration , a cribed to a rapid , reversible protonation followed by 
attack on the conjugate acid. This is a rever al of pathway I (Scheme 1); the 
alternative proposal of attack by He N, while kinetically acceptable, is mechanistically 
unsound. At pH greater than 4·0 the dependence on hydrogen ion concentration 
is negligible, as would be expected for a reversal of pathway II . 
From the results shown in Table 2 it is apparent that protonation of 
3-hydroxyisothiazole ha con iderably enhanced the usceptibility of the S- bond 
to cleavage by nucleophilic attack, the rate constant being greater by a factor of 103 
than that for attack on t he neutral molecule. Irrespective of whether the isothiazole 
is protonated on oxygen or on ni trogen, both partners in the S- bond may be 
expected to undergo a decrca e in electron den ity; in particular, the availability 
of clectrons on nitrogen for any p-rr-dm overlap will be lowered, with a consequent 
weakening of the bond. J inetically, the rate of attack on sulphur by a nucleophile 
will be enhanced not only by the increa ed electron deficicncy at this position, 
but al 0 by the impr vement in tho effi ciency of th I aving group, which is now 
neutral instead of negatively charged. 
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EQUILIBRIU M STUDIES 
A complete kinetic statement of the reaction can now be made, using the 
t erminology of Scheme 1. 
Rate of cyclization of TCA = k1[TCA] + k2J(,,[TCA]/[H +] 
Rate of S- cleavage in isoT = k_1J(t[isoT][H+][CN-] + k_2[isoT][CN- ] 
Application of the equilibrium condition leads to definition of the equilibrium com~tant 
Under conditions of low pH this expression reduces t o equation (5) , while under 
TABLE 3 
EQUILIBRIUM CONSTANT IN WATER AT 25· FOR THE SYSTEM cis- 3 · THIO CYANOACRYLAMIDE-
3_HYDROXYISOTHIAZOLE 
pH 
[CN-] [TCA] /[isoT] 10-
11 K •• 10- u K •• 
(mole 1.- 1) (expt.)· (calc.)· 
5·50 12·34 x 10- ' 0·378 0 ·97 1 ·01 
5·00 6 ' 17 x l 0-' 0·613 0·99 0·95 
5 · 00 12·34 X 10-' 1· 145 0 ·93 1 ·04 
5 · 00 30 ' 80 x l0-' 3 · 253 0 ·94 1 ·06 
5·00· 6 · 17 X 10-' 0·612 0 ·99 0 ·99 
5·00· 12 · 34 X 10-' 1 · 144 0·93 0 ·93 
5· 00· 30 · 80 X 10-' 2 · 810 0 · 91 0·91 
4 ·50 12·34 X 10-' 3 ·548 0 ·9 1 0 ·98 
4 ·00 12 · 34 X 10-' 13· 20 1 ·06 0·87 
3·50 12'34 x l 0-' • - 1 · 58 
3 ·00 12 ·34 X 10- 8 • - 1 · 69 
2 ·00 12·34 X 10-' • - 1 ·14 
1·00 12 · 34 X 10- 1• • - 0·94 
0 · 00 12·34 X 10-11 • - 1 · 13 
• Derived from K •• = [TCA]/[isoT] [CN - ][H+]. Mean = 0·96 X 10". 
• Calculated from equation (6). Mean = 1 ·09 X 10". 
C Refers to cyclization of TCA. Other results are for t he attack of cyanide ion on 
3-hydroxyisothiazole. 
• Too high for meaningful measurement. 
conditions of high pH it reduces to equation (6); both are, of course, statements 
of one and the same equilibrium 
J(.q = Ik_1J(t)/k l 
](.q = k_2/k2](" 
(5) 
(6) 
The equilibrium constant for the reaction can thus be calculated from the kinetic 
data available for either of the mechanisms, and compared with the experimentally* 
determined figures. In Table 3 is shown such a comparison between "experimental" 
* It should be clear t ha t the two methods of a rriving at a value f01' ]{ •• a re not entirely 
independent- the experimenta l ratio [TCA]/[isoT] is implicit in the value of A . used to calculate 
rate constants. The check is for internal consistency. 
using 
the 
under 
01 
95 
04 
06 
99 
93 
91 
98 
(5) 
(6) 
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and "kinetic" equilibrium constants, from which it may be seen that fair agreement 
is obtained except in the area of low pH/high cyanide ion concentration. In view 
of the rapid increase in the ratio [TCA]/[isoT] at low pH, no attempt has been made 
to supply experimental values for this region. The overall effect of pH on the rate 
constants is more clearly summarized in Figure 1, but it should be stated that this 
does not give a clear picture of the effect of pH change on tbe state of the system. 
Reference to Scheme 1 reveals that cyclization of TCA is essentially a unimolecular 
process and is quite unaffected by alteration in [CN-]. Thus change in [H +] exerts 
its effect only through pathway II. On the other hand, S- bond cleavage is a 
bimolecular process involving cyanide ion. The effect of raising [H +] on this reaction 
is to lower the contribution from pathway II (by lowering [CN-]) and to leave 
unaltered the contribution from pathway I (by lowering [CN-] and raising [isoTH +]). 
Thus while the rate con tant is raised, the actual rate i lowered. As implied by the 
equilibrium statement, the ratio [TCA]/[isoT] ,vill remain unaltered. 
11·1 
Fig. 2.- Variation of ]( •• 
with temperature. 
(J'11' 0 
.,,;: 
o [C -] = 6 · 17 X 10-'; "" 0 
[:, [C -] = 18 ·5 1 X 10- '. - 10' 9 /' 10·8 
10·7 
3 · , 3·2 3·3 3·4 
103fT (OK) 
The variation in J(eq with temperature was tudied over the range 20--35°, 
using cyanide ion concentrations of 6·17 X 10- 7 and 1 ·51 X 10- 7 at pH 5·00 
(parameters selected to give the ratio [TCA]/[isoT] value of 0 ·4-2·2) . The data 
plotted in Figure 2 permit t he calculation of the value [:'Ho - 7·3 !rcal mole- I, 
/::"80 - 38 e.u ., and t::.Go 4·1 kcal mole-1 at 25°. These value are not, however , 
necessarily valid for tbe reaction under examination, and may contain concealed 
errors due to ionic equilibria which have never been explicitly tated. Although 
the ratio [TCA]/[isoTl is an experimental figure , its relation hip to the rate con tant 
at pH 5·00 may be stated in different terms from tho e employed in equation (6). 
[TCA]/[i oT] = (k_2[H +][C -])/k2K .. 
(k_2[H N]) K HON 
= X--
k2 K .. 
It is apparent from the new formula.t ion that t he Ifect which was mea ured 
included the effeot of temperature on the dis ociation of t he thiocyanoacrylamide 
and hydrooyanic acid. Since the e are both weak acid and of comparable strength , 
it may well be tbat such elfects* cancel out to a large extent and may be neglected . 
• E. A. Moelwyn.Hughes' q uotes a value of t;.Ho 10 kcal/molo for dissoc iation of HC T • 
• Moelwyn .Hughes, E. A ., " Physical Chemi try. " p . 58. (Pergamon Press: London 196 1.) 
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If this assumption is made, then it is possible to derive from the values for t..HO 
and t...H* (previously recorded for the cyclization as 22·6 kcal mole-I) an enthalpy 
of activation for S- bond cleavage t...H* c. 15 hal mole-l, leading in turn to a derived 
value of t...S* c. 5 e.u. 
From consideration of the activation parameters for the cyclization reaction,l 
it was concluded that solvation shells around the amide anion were forced off as the 
molecule moved into the transition state; this concept was reinforced by consideration 
of the Arrhenius pre-exponential factor (log A. 18· 0), which suggested a high 
"concentration" of amide ion in the vicinity of the sulphur atom. These facts combine 
to indicate a considerable degree of interaction in the t ransition state, i.e. a transition 
state wh.ich resembles 3-hydroxyisothiazole more than cis-3-thiocyanoacrylamide. 
Under these circumstances, with the same transition state being approached from the 
other side, the extent of ordering (particularly solvation of developing charge centres) 
would be minimal. The observed entropy of activation, approximate as it may be, 
seems to support such a theory. 
EXPERIMENTAL 
Rates were measured by spectrophotometric methods, using a Beckman DK2A spectro· 
photometer equipped with a constant temperature (±O' 0 I 0) cell housing. pH measurements 
were made with a Radiometer pHA360Ta meter. 
(a) Preparation oj Materials 
The methods used for the preparation of mo.tcrials used in the investig"tion o.re those 
d escri bed in ref. 1 • 
(b) Procedure Jor Kinetic Runs 
The method used waq essentially as described previously. In the preparo.tion of solutions 
containing high concentrations of HC (e.g. o.n approximately O' 2M solution was required at 
pH 3 .00 to supply 12·34 X 10- 8M cyanide ion) it was necessary to dissipate the heat of 
neutralization before any accurate pH measurement could be made. In order to prevent 
loss by evaporation during this period, a predetermined quantity of pure ice was added before 
neutralization with phosphoric acid, such that the final temperature was approximately that 
required. In all cases where such solutions were required to be stored for short periods, they 
were kept in full, tightly stoppered flasks. An alternative approach, which a lso resulted in a 
lower total ionic strength, was to pass the cooled cyanide olution down a well-washed column 
of Dowex 50W-X22, followed by final adjustment in the usual way. Control experiments indicated 
that the rates obtained by the two methods compared within reasonable limits. During spectro· 
photometric measurements the cells were filled completely and stoppered; at the end of the run 
the cells were examined to ensure that no bubbles had formed on the transmitting faces. 
(c) pK. oj 3-Hydroxyisothiazole 
The conjugate acid of 3_hydroxyisothiazole was checked for obedience to Beer's LaW 
in 6·4M sulphuric acid (Ho - 3'30), and was assumed to obey under less acid conditions. The 
conjugate acid had Amax 261 ml", < 9 -42 X 10', and a series of curves measured at various values
l 
of Ho showed a clear isosbestic point at 270 mI"' Construction of the titration curve gave 
pK. = - 0·33 ± 0·03 at 25° . 
• Paul, M. A., and Long, F. A., Chem. Rev., 1957, 57 , 1. 
for t:,.Ho 
centres) 
may be, 
spectro-
are those 
solutions 
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Reaction of N-Substituted-3-Isothiazolones with 
Phosphorus Ylids 
The failure of N-substituted-3-isothiazolones 
to react with diazo ylids (Section 4) prompted a 
brief examination of their reactivity with phosphonium 
ylids, with a view to ascertaining the degree of 
carbanionic character necessary to achieve ring 
scission. This study formed part of a larger 
proposed investigation with other ylids having 
different hetero-atoms, aimed at casting light on 
the structure of the carbon to hetero-atom bonding. 
A recent paper159 has described the effect of 
different heteronium groups on the acidity of a 
number of phenacyl heteronium salts, and on the 
nucleophilic reactivity and basicity of the ylids 
therefrom. The results were interpreted in terms 
of the effectiveness of p~ -d~ orbital overlap in 
the different carbon-heteroatom bonds, which 
appeared to be in the order S) P) As ) Sb. 
Such measurements of pKa values for heteronium 
salts are restricted by the ease of hydrolysis in 
some cases, while comparative reactivity studies 
in Wittig-type reactions are complicated by a 
165. 
difficulty in differentiating between the various 
factors that influence the separate reaction steps 
involved 145 . Sections 1-3 have shown that the 
3-isothiazolone system can permit comparisons in 
nucleophilic reactivity of carbanions . It was 
hoped that such comparisons could be made eventually 
i n the reactivity of ylids having different hetero-
atoms. 
Reaction of N-ethyl-3-isothiazolone with the 
stable* phosphoranes (194 , R1 = CO . C6H5 ' CO . CH 3, 
C02CH3) failed in refluxing acetonitrile . In 
contrast reaction of the N-acyl - 3-isothiazolones 
( 195 ) with (194 , R1 = C0 2CH 3) at low tempera ture 
afforde d the new ylids (196 , R1 = C02CH3) in high 
yield (> 90%). N- Carbethoxy- and N-acetyl-3-isothia-
zolones did not react with (194 , R1 = CO , C6H5) unde r 
the same conditions, while higher te~peratures 
resulted in decomposition . The formation of these 
* The term stable ylid in general refers to those 
ylids which are isolable and contain a group 
t h rough which the negative charge at carbon may 
be delocalised , while unstable ylids refer to 
those ylids which are non-isolable . 
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new ylids was reminiscent of the reactions with 
secondary carbanions in aprotic solvents, involving 
the cleavage of the S-N bond followed by proton 
migration, through an intramolecular process as 
outlined in Scheme 42. As expected by analogy with 
the reactions of resonance -stabilised tertiary 
carbanions, the phosphorane ¢3P = C(CH3)C02CH3 failed 
to react with N-acetyl-3-isothiazolone, which underwent 
decomposition/presumably via the 5-anion generated 
by the action of the phosphorane. 
The reactivity of phosphoranes (in Wittig 
reactions) is variable and depends mainly on the 
145 
charge on the OC-carbon atom . This degree of 
carbanionic character (or reactivity) seems well 
correlated with the degree of delocalisation of the 
negative charge by both the phosphonium group and 
cC-substituents. Kinetic and preparative stud ies 
attest to the fact that the rate of reaction b e tween 
aldehydes and stable phosphoranes increases with 
b · t ' h d 145 their basicity when the oC-su st1tuen 1S c ange . 
More recently, Johnson and Amel 159 have shown that 
changes in the substituent groups bonded to the 
phosphorus atom caused marke d changes in the 
properties of the ylids and their related phosphonium 
167. 
(194) ( 196) 
Scheme 42 
salts . In particular the acidity of the salts 
was lower when alkyl substituents replaced phenyl 
substituents . This change is substantiated by the 
observation of Penney, ViII and Biskin160 that 
replacement of the phenyl groups in (194, Rl = C02CH3 ) 
by .!2-butyl groups, considerably increased the 
reactivity of the phosphorane in reaction with epoxides 
to give cyclopropane carboxylates . A similar difference 
in reactivity is reported by Lloyd and singer161 in 
the reactions of ylids with nitrosobenzene to give 
N-oxides , when the phenyl substituents on the hetero-
atom were replaced by methyl groups. 
In line with these observation~ the reaction 
168. 
of N-ethyl-3-isothiazolone with the n-butyl 
substituted phosphorane (197) proceeded readily at 
moderate temperature to yield the new ylid (198). 
This behaviour contrasted strongly with the lack of 
reactivity shown by the phenyl substituted 
phosphorane (194, R1 = C02CH3), even at higher temperatures. 
The ylid (198) proved very stable and did not react 
with either benzaldehyde or p-nitrobenzaldehyde in 
the Wittig reaction, but was cleaved by zinc and 
acetic acid. The alkylmercaptoacrylamide (199) 
isolated was identical with that formed from 
reaction of N-ethyl-3-isothiazolone with ethyl acetate 
in the presence of potassium triphenylmethide. 
(n.Bu)3P=r H 
Et02C 
(197) 
+ L ):0 N 
Et 
Scheme 43 
(198) 
J 
Zn/HOAc 
in CHCI3 
Eto2CCH2-' )-=-0 
NH 
Et 
(199) 
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As expected , similar changes in reactivity 
occurred when the nucleophilicity of the phosphorane 
was increased by repl a cing theo(-carbethoxy group in 
( 200 , R = C0 2C2HS) with less electron-withdrawing 
substituents . Reaction with carbamoylmethylene-
triphenylphosphorane (200, R = CONH 2) afforded the 
product (201, R = CONH2) in moderate yield (68%), 
whereas reaction with the more basic phosphorane 
(200, R = phenyl) under the same conditions gave 
( 201 , R = phenyl) in high yield (96%) . On refluxing 
with benzaldehyde in benzene, the latter ylid gave 
a poor yield of the alkylmercaptoacrylamide (203 ) 
together with trans-stilbene and N-ethyl-3-isothia-
zolone . The trans-s ti lbene presumably resulted 
from cyclisation during the formation of the 
intermediate betaine (202) as outlined in Scheme 
44. The ylid (201, R = CONH 2) proved more stable , 
and did not react with benzaldehyde in refluxing 
b enzene . 
Reaction with the more basic (and consequently, 
more reactive) phosphorane ( 204 ), surprisingly 
yielded an alkylmercaptoacrylamide (206), which 
was identical to that previously prepared from the 
action of the Grignard reagent , benzylmagnesium 
bromide,on N-ethyl-3-isothiazolone . It was apparent 
+ LN)~O 
Et 
(200) 
0F\ 
0'CH =~-s )':0 
NH 
(203) Et 
+ 03 P=0 
¢'CH ==CH-¢ + " )~O N 
Et 
Scheme 44 
-
I ¢'CHO (R=¢) 
( 202) 
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that the expected ylid (205) formed initially , but 
hydrolysed readily on working-up by the course 
outlined in Scheme 45. A similar hydrolysis of 
the generated ylid presumably occurred in the case 
of the highly basic (unstable) phosphorane (207). 
A small quantity of the previously identified 
171. 
mercaptoacrylamide (208) (18%) was iso lated, together 
with the dimer (84) formed by the strongly basic 
action of the phosphorane on the N-ethyl-3-isothia-
zolone. 
¢~H2 
EtH0 
/, 
- -
o 
( 206) 
03P- CH 3 BuLi ~3P=CHlJ 2 H2O CH:;-£ )::0 • - J NH 
Et 
(207) (208 ) 
Scheme 45 
This was the extent to which the reactivity 
studies with phosphoranes were taken, but two 
comparative experiments were carried out with 
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phosphonate ylids. Several groups162-164 have 
indicated that phosphonate ylids are more reactive 
in Wittig reactions than the corresponding phos phonium 
ylids since the phosphonate group should have a lower 
net positive charge and thereby , afford less stabilis-
ation for the carbanion by valence shell expansion. 
This was apparent in the reactions of (209, 
R = C02CH3 , COCH3) - with N-ethyl-3-isothiazolone in 
dimethoxyethane using sodium hydride as the generatin~ 
base. Ring scission occurred readily at low 
temperatures to give the new phosphonate ylids 
( 210 , R = C02CH3 ' COCH3) in high yields ()85%) 
(cf. secondary carbanions). This high reactivity 
contrasted strongly to the total lack of reactivity 
shown by the corresponding phosphonium ylids in the 
same reaction (vide supra). Condensation of the 
phosphonate (211) with cyclohexanone under mild 
conditions failed to give any of the desired 
product ( 212) , and instead formed the olefin (213) 
to be expected from a direct condensation of (209, 
R = C02CH3) with cyclohexanone. By analogy with 
the ease of ejection observed with resonance-
stabilised tertiary carbanions under such conditions, 
a similar ejection must have occurred durin~ the 
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f ormation of t h e intermediate betaine in preference 
to a n alternativ e , but less favourable , b r eakdown to 
( 212). 
( 209) 
" }O N F\ 
Et ~ (E tO)~P(O) CH(R)-S . )'::0 
Scheme 46 
(210) 
( 21 3 ) 
+ 
LN)~ 
Et 
N 
Et 
(EtO)2~(0) 
0_ 
Na+ 
Appendix 3 
Lactam-Lactim Tautomerism in 3-Hydroxyisothiazoles 
Introduction 
174 
In connection with the kinetic investigation of 
cyanide ion attack on 3-isothiazolone (Appendix I), a 
marked shift in the ultraviolet absorption spectra for 
the substrate was observed with change in solvent . 
Since 3-isothiazolone could exist as such (43), or in 
the form of 3-hydroxyisothiazole ( 42 ), a cursory 
examination of the potential tautomeric equilibrium 
(4 3)~(42) was carried out by ultraviolet spectroscopy . 
This investigation was limited, since only the N-alkylated 
S?~O \ "N~OH 
( 43) ( 42) 
derivative was available as a model for comparison 
with the two potentially tautomeric forms , and in 
such instances considerable care has to be exercised 
in the interpretation of tautomeric shifts. The 
results suggested that the hydroxy form predominated 
in non-polar media . 
The tautomerism had particular interest in view 
of the generalisation that in equilibria of the 
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type (214) ~ (215), with X an atom bearing a lone electron 
pair (X = 0, NR, or S) , the hydroxy .form (215) predomin-
ates or makes a significant contribution for 5- and 
6-membered monocyclic aromatic systems 165 , 166 The 
majority of hetero-aromatic compounds with a potential 
hydroxyl group cC-or 6- to a ring nitrogen atom occur 
167 predominantly in the oxo-form . The 3-hydroxypyrazoles 
( 214) ( 215) 
( 216 )1 66 and 3-hydroxyisoxazoles (217) constitute 
exceptions in that they exist principally in the 
hydroxy form, and it was suggested that this behaviour 
in 1,2-azoles was possibly associated with the non-
bonding pair of electrons on the atom adjacent to 
the nitrogen atom 167 . 
To date no detailed study of the system (214, X = S) 
( 216) (21 7) 
1 76. 
h as been made. 55 Goerdeler et al have reported that 
the UV spectra of 3-hydroxy-5-phenylisothiazole and 
3- methoxy-5-phenylisothiazole are very similar , 
s uggesting that the hydroxy form predominates. The 
fact that 3-hydroxy-5-phenylisothiazole and diazomethane 
gave predominantly the N-methyl derivative (89%) after 
3 days is not necessarily inconsistent with this 
observation . The rate of interconversion of the 
tautomers is generally much greater than their reaction 
with diazomethane , and reaction via the less populous 
tau tomer may actually predominate . In view of the 
interesting results found for other 1 , 2-azoles , it 
was decided to carry out a more detailed examination 
o f the tautomerism ( 43)~ (42) , which was of additional 
i n terest in connection with a study concerned with 
the aromaticity of the system61 , and a synthetic 
program dealing with its alkylation and acylation63~ 
* I n structure ( 42 ) the aromatic sextet may be invoked 
as a stabilising feature . The passage from (42 ) ---+ (43) 
i mplies the loss of aromaticity and aromatic ring 
s tabilisation energy . 
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Preparation of compounds: 
N-Alkyl-3-isothiazolones were made as described 
. 1 55 3 E h prevlous y . - t oxyisothiazole was synthesised by 
the reaction of 3-isothiazolone with triethyloxonium 
fluoroborate, which gave a mixture of 60%0- and 40% 
N-ethyl compounds. For comparison, other 3-alkoxy 
derivatives were made by the action of alkyl halides/ 
63 
K2C03 on 3-isothiazolone in acetonitrile as described 
Ultraviolet Spectra (Table 4) 
The UV spectrum of the potentially tautomeric compound 
is strongly influenced by the nature of the solvent. 
A single strong absorption at 257 m~(€ =6800) appears 
in cyclohexane solution . The spectra show a marked 
red shift with increasing dielectric constant (figure 3a ) 
the band at 257m~ decreases while an observed shoulder 
at ca. 275m~ increases in intensity. Comparison with 
the spectra of the two fixed ethyl derivatives 
(figure 3b) shows the tautomeric compound clearly 
exists in the hydroxy form in non-polar solvents, as 
its spectrum is almost identical with that of the 
3-ethoxy analogue (255m~ , ~ = 7300), and differs 
appreciably from that of the N-ethyl derivative (280mfl ,E-
6580). In aqueous solution the tautomeric compound lies 
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in EtOH .. ' .. ",and in H20 --. 
Table 4. Ultraviolet Absorption Maxima 
Substituents Solvent max(mp) 
2 3 4 5 
OH H H cyclohexane 257 6800 
ether 257 6800 
ethanol (100%) 256(276) 6730(1200) 
( 75%) 257(275) 6610(3100) 
( 50%) 259(275) 6370(4600) 
(25%) 260 (275) 6300(6000) 
water 262(274) 6280(6320) 
OCH 3 ethanol 255 7300 
OC2H5 ethanol 255 7350 
OCH 2¢ ethanol 256 8500 
CH3 :0 ethanol 275 7250 
ether 281 6550 
C2H5 :0 ethanol 277 6280 
ether 280 6580 
¢.CH 2 :0 ethanol 278 14100 
OH H CH 3 Carbon tet. 264 7100 
ethanol 260(277) 7040(1530) 
water 266 (276) 6425(6290) 
OC2HS H CH 3 carbon tet. 26S 7210 
ethanol 2S6 7160 
C2HS :0 H CH 3 carbon tet. 283 6850 
ethanol 273 6640 
OH C6HS ethanol 263 157S0 
OC2HS C6HS ethanol 263 lS900 
C2H5 :0 C6HS ethanol 272 23100 
Wavelengths a nd molecular extinction coefficients in 
brackets refer to shoulders or inflexions. 
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between the other two, and the intensities indicate that 
the hydroxy- and oxo- forms coexist in equal amounts . 
Similar differences in the UV spectra of the 0-
and N- substituted derivatives in the 5-methyl series , 
indicates the predominance of 5-methyl-3-hydroxyisothiazole 
as such in cyclohexane , and the existence of comparable 
amounts of both tautomers in water ( figure 4 ). In 
t he 5-phenyl series the differences in the spectra for 
the fixed derivatives is not as distinct . However, the 
strong similarity in the spectra of the tautomeric 
mixture and the 3-ethoxy analogue suggests the hydroxy 
form predominates as reported by Goerdeler 55 . In 
aqu eous solution the spectra are all very similar , and 
i t is difficult to draw definite conclusions . 
P roton Magnetic Re sonance Spectra 
Chemical shift values (~units ) and coupling 
constants (J4 , 5 ) for the tautomeric compound and fixed 
deriv atives are collated in Table 5 The AB coupling 
b etween H4 and H5 differs conclusively for the 
O-substituted J = 4 . 6 cis ) and N-substituted 
( J = 6 . 6 cis derivatives . Direct comparison with 
the coupling constant for the tautomeric compound in 
v ariou s solv ents clearly shows it exists exclusively 
Table 5. Proton Resonance Spe ctra 
Solvent Substituent and Peak Positions (t values) J 4 ,5c/s 
2 3 H-4 H-5 
CDC1 3 
OH,-1.90 3.43 1. 58 4.6 
CH 3CN OH, 3.08 3.65 1. 61 4.9 
d 4 ·CH3OH 3.60 1. 53 5.0 
d 6DMSO OH,-1.35(br) 3 . 41 1. 22 5.1 
D20 3.96 1..80 5.5 
CDC1 3 OCH 3 
3.49 1. 62 4.6 
OC 2H5 3.46 1.60 4.6 
OCH2C6H5 3.50 1. 70 4.6 
O- n . Bu 3.48 1. 64 4.6 
O-i.Pr 3 .51 1. 64 4.6 
CH 3 :0 
3.77 1. 92 6.5 
C2H5 :0 
3. 76 1. 93 6.5 
C6H5CH 2 :0 3.77 1. 98 6.3 
.!2. Bu :0 3.77 1.84 6.4 
i.Pr :0 3.75 1.83 6.4 
OH,O.61 3. 71 * CH3, 7 . 60 
OC 2H5 3.70* CH3, 7.56 
C2H5 :0 3 .99 * CH3, 7.60 
*Complex peak; couplings of J .f 1 cis are found b etween 
H-4 and C-methyl for the 5-methyl series . 
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in the hydroxy form in carbon tetrachloride and 
chloroform. The low field at which the OH absorbs 
indicates strong hydrogen bonding for solutions in 
chlo roform and carbon tetrachloride. Moreover, the 
sharpness of the peak at ca. -2\: is better explained 
by an OH than NH structure. Its broadness in dimethyl-
sulphoxide is not good evidence to the contrary; a 
more likely explanation is that the protons ~re 
exchanging more rapidly in this solvent. Thus, in 
aqueous solution as in other more polar solvents the 
observed coupling constant is the weighted average of 
the individual tautomers. 
Infrared Spectra 
The infrared spectrum of the tautomeric compound 
in carbon tetrachloride solution resembles that of the 
O-methyl and not that of the N-methyl analogue , 
particularly in the 1700-1500 cm- 1 region (figure 5 ). 
Further, no absorption peaks are found above 3500-3200cm- 1 
where a typical lactam NH would show absorption. This 
indicates that the tautomeric compound exists in the 
3-hydroxy form , and the similarity with the spectrum in 
the solid state indicates that the hydroxy form persists 
also in this medium. 
FIG.S. Comparison of the Infrared spectrum of che potentially tautomeric 
3-hydroxyisoth iaz'ole with those of th e two fixed derivatives in CCI4 
1800 1600 1400 1200 1000 
1800 1600 1400 1200 1000 
i'N}::O 
Et 
1800 1600 
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The spectrum of 3-hydroxyisothiazole in concentrated 
solution and the solid state shows a strong broad 
absorption in the 3500-2500 cm- 1 region with four distinct 
peaks at 2800-2500 (shifted on N-deuteration). This 
suggested the presence of strong hydrogen bonding , and 
an examination in carbon tetrachloride solution at 
different concentrations revealed the appearance at low 
dilution of a weak band at 3550 cm- 1 . This was assigned 
to a free OR stretching mode , and its observation was 
attributed to the separation to a small extent of a very 
strong association between hydroxylic structures in the 
compound (probably as a dimer , 218). 
[S/(::HOJ(S] 
( 218) 
In conclusion, the evidence presented indicates that 
3-hydroxy isothiazole exists as such in non-polar solvents 
and in the solid phase . This heterocycle thus joins other 
heterocyclic compounds containing the structural element 
(215; X = O,N), which h ave a hydroxyl group alpha to a 
ring nitrogen in the stable tautomeric form . 
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Experimental 
The microanalyses recorded were carried out by the 
Australian Microanalytical service at the University 
of Melbourne. Samples submitted had been dried 
overnight in vacuo (ca.O.l mm ) over phosphoruS 
pent oxide at the appropriate temperature. All melt ing 
points are uncorrected. Infrared spectra were recorded 
on a Unicam SP 200 or SP 200G spectrophotometer , and 
refer to Nujol mulls unless otherwise stated. Ultra-
violet spectra were recorded on a Unicam SP 800 or 
Beckman DK-2A spectrophotometer in 90% spectroscopic 
ethanol; extinction coefficients are given in parentheses. 
NMR spectra were recorded on a Perkin Elmer RIO spectro-
photometer (60 M cis) in the solvents indicated. Mass 
spectra were recorded on an A. E.I . MS 9 instrument. 
Preparation of Materials. Anhydrous solvents were used 
at all times. Tert-butanol was dried by refluxing over 
sodium, followed by distillation; methanol and ethanol 
were dried similarly over magnesium turnings. Dimethyl 
sulphoxide and 1,2-dimethoxyethane were prepared by 
distillation over calcium hydride under r educed pressure . 
Dimethylformamide was dried over mol ecular sieve and 
fraction ated at atmospheric pressure. Alcohol-free 
diethyl ether was dried over sodium , distilled and stored 
182. 
over sodium in the dark. Acetone was refluxed with 
KMn04' dried over anhydrous K2C03 and fractionated. 
Potassium ter~-butoxide (M.S.A. Research 
Corporation, Callery, Pa., U.S.A.) was sublimed at 
220 0/1mm before use. Methyllithium and butyllithium 
were commercial solutions in ether and pentane 
respective ly (Foote Mineral Co., Route 100, Exton, 
Pa., U.S.A.). All other carbon acids were obtained 
either commercially and purified by fractionation 
before use or prepared as fol10ws :-
Carbon acid 
W-methoxyacetophenone 
(b.p. 112-114~8mm) 
ethyl ~-benzoylpropionate 
(b .p . 140-l43~13mm) 
3-methylpentan- 2 , 4- dione 
b.p. 86-88 0/60mm 
2-methyl-3-pentanone 
b.p. 112-115° 
1-phe nyl-2-butanone 
b.p. 98-1040/10mm 
2-phenyl-3-pentanone 
b.p. 102-l050/6mm 
triethyl 1,1,2-ethane tri-
carboxylate 
b.p. 112-1140/4mm 
Reference No . 
168(b.p. 118-120~15mm) 
169(b.p. l62-163/18mm) 
173(62-650/1mm) 
o 
174(139-142/7mm) 
Isobutyrophenone was prepared according to the general 
directions of Hauser and Humphlett 1 75 who, however did 
183 . 
o . 176 0 
no t make this compound; b . p. 218-220 , ht. 220-221 . 
Isothiazolone and N-ethyl-3-isothiazolone were 
p repared as described 55 , sublimed at 50o/0.5mm and 
stored in a dessicator away from light . 
SECTION 1 : 
Reaction of N-ethyl-3-isothiazolone with carbanions 
i ) Reaction with Alkyllithiums:- A solution of N-ethyl-
3-isothiazolone (0 . 005 mole) in anhydrous , alcohol-free 
ether ( 50 mi. ) was cooled to 0_5 0 under a current of 
dry N2, and the alkyllithium (0.005 mole) in hexane 
was injected through a side-arm covered by a serum cap . 
After 0 . 5 hr. the reaction mixture was acidified with 
glacial acet ic acid , washed with water , dried over 
MgS0 4 , and the solvent evaporated . The product , obtained 
in nearly quantitative yield , was recrystallised from 
ether-hexane by cooling to _78 0 . Data not recorded in 
Table 1 were as follows : N-Ethyl-cis-3-butylmercapto-
acrylamide ( U) was obtained as straw-coloured needles 
m. p. 56_8 0 ( Found : C, 57 . 8; H, 9.2; N, 7 . 2 ; S, 17 . 1% . 
C9H160NS requires : C, 57 . 7; H, 9.2 ; N, 7. 5; S, 17 . 1%) ; 
Vmax3370 ~ 1645 cm- 1 ; A max 282 ( 15 , 120 ) mp . 
N_Ethyl_cis_3_methylmercaptoacrylamide (T) was obtained 
o 
as colourless needles m. p . 82-4 ( Found : C, 49 . 2 ; 
H, 7. 6 ; N, 10 . 3; S , 22 . 1% . C6H110NS requires: C, 49 . 6; 
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H, 7. 6; N, 9.7; S , 22 . 1'Yo);Vmax 3320,1635 cm- 1 ; 
A max282 (15 , 150) mp . 
ii) Reaction with Grignard reagents:- 0 . 005g.atom of 
d ry magnesium turnings, a small crystal of iodine and 
25 ml . of sodium-dried ether were placed in a three-
neck flask fitted with a N2-inlet , drying tube and 
d ropping funnel containing the alkyl bromide (0 . 005 mole) 
in anhydrous ether (10 ml.) . A small portion of the 
alkyl bromide was introduced with stirring, and the 
f l ask immersed in hot water to start the reaction . The 
flask was cooled and the remaining bromide solution 
added slowly under N2. When no magnesium remained , the 
fl ask was cooled in ice and N-ethyl-3-isothiazolone 
(0.005 mole ) was added as a solution in ether over 
10-15 min . The reaction mixture was stirred for a 
further two hours , and then decomposed with a saturated 
aqueous solution of ammonium chloride. Continuous 
extraction with ether followed by drying and evaporation 
afforded the crude N-alkyl-3-mercaptoacrylamide in 
greater than 75 per cent yield . This crude product was 
purified by chromatography on silica ( 14" x I" ) in 
b enzene:chloroform:ether mixture , followed by 
recrystallisation . 
The following alkyl bromides were employed in this 
p r o cedure : n-butyl , ethyl , benzyl , and phenyl bromide. 
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The product from n-butyl bromide is described in ( i) . 
N-Ethyl-cis-3-ethylmercaptoacrylamide (V) was 
crystallised as pale-yellow plates from ether-hexane 
at dry ice temperature m.p. 113-115°, (Found , C, 52.5; 
H, 8.0; N, 8 .7 ; S , 20 . 0; C7H13NOS requires C, 52 . 8; 
H, 8 . 2; N, 8 . 8; S , 20.1'Yo); V max 3320 , 1630 cm- 1 , A. max 280 
(14, 200)~ . The molecular ion occurred at the required 
ml e 159 . 
N- Ethyl-cis-3-phenylmercaptoacryl amide (W) was obtained 
° f rom ether-petroleum as colourless needles m. p . 128-129 
( Found : C, 63 . 5 ; H, 6.3; N, 6 . 5; S , 15 . 2'Yo; CIIH13NOS 
r equires C, 63 . 8 ; H, 6 . 3; N, 6.8; S , 15 . 4'Yo); Vmax 3360 , 
16 35 cm- 1 ; ~ max 255sh, 287(19240) m}.l. 
N_Ethyl_cis_3_benzylmercaptoacryl amide (X) was 
c rystallised from methylene chloride-petroleum at 
d ry ice temperature as slightly yellowish plates m.p . 
8 9-91° , (Found: C, 64 . 6; H, 6.7; N, 6 . 3; S, 14 . 4'Yo . 
C1 2H15NOS requires C, 65 . 1; H, 6 . 8; N, 6 . 3; S , 14~'Yo ); 
V max 3350 , 1635 cm- 1 , A max 283 (11950) m)l . 
N_Ethyl_cis_3_phe nylethynylmercaptoacrylamide (R ) 
The Grignard reagent from ethyl bromide was prepared 
as described above and a molar equivalent of phenyl -
a c etylene in dry ether added . The reaction mixture 
was stirred at 40° until exchange was complete 
(1 -2 hr .), cooled to 0° and the procedure continued as 
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in ( ii) . The product was recrystallised from ethanol-
petroleum as tan-coloured prisms m.p. 140-1420 (Found 
C, 67 . 4; H, 5 . 6; N, 6.1; S, 14.0%. C13H1 3NOS requires 
C, 67.5; H, 5 .7; N, 6 . 1; S, 13.9%); Vmax 3380 , 2170, 
-1 "'). 1635 cm ,/~ max 254(sh), 287(19,250) my. The molecular 
ion occurred at the required m/e 231. 
iii) Reaction of Mercaptans with N-Ethylpropiolamide 
N-Ethylpropiol amide 55 (0.05 mole) and the mercaptan 
(0.0 5 mole) were dissolved in 30 mi . of absolute ethanol 
in a flask fitted with a condenser with a drying tube . 
A catalytic amount of sodium was added with swirling 
and the exothermic reaction controlled by occasionally 
immersing the flask in ice-water . When the reaction 
was complete (10-30 mins .) the solvent was removed 
and the crude cis-N-alkylmercaptoacrylamide (in greater 
than 80 per cent yield) was washed with water and 
recrystallised. 
The mercaptans employed in this procedure were 
methyl, ethyl , n-butyl , ethyl thioglycollate , and 
2-mercaptochlorobenzene . The products from the first 
three mercaptans are described in either (i) or (ii). 
Ethyl 2-(N-ethyl-cis-3-acrylamide)mercaptoacetate (S): 
Ethyl thioglycollate was obtained as previously 
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1 77 described , b.p. 550 (20rrun ). The product crystallised 
from benzene-petroleum as colourless needles m.p. 
89-91 0 (Found: C , 49 . 5; H, 6 . 8; N, 6.6 ; S , 14 . 8%; 
CgH1 50 3NS requires: C, 49.8 ; H, 7 . 0 ; N, 6 . 5 ; S , 14 . 7%); 
)) max3300 , 1715; 1640 cm- l ; A 276(14 , 960) mu . 
m<'\ x T 
N-Ethyl-cis-3-(2-chlor oph enyl} mercaptoacrylamide (Y): 
2-mercaptochlorobenzene was obtained as previously 
. 178 0 described , b.p . 80-83 (10mm) . The product 
c r y stallised from ethanol as slightly yellow plates, 
o 
m.p . 138-140 (Found: C, 54 . 6; H, 5 . 0; N, 5 . 7; S , 13 . 1; 
Cl, 14 . 5%; CIIH12NOSCl requires : C, 54 . 6 ; H, 5 . 0 ; N, 5.8 ; 
- 1 "\ S, 13.2 ; Cl , 14.7%);~max3340, 1635 cm ; Amax 286 ,mp . 
i v) S~N-ethyl-cis-3-acryl amido )isothiuronium p-toluene 
sulphonate (55) 
An equimolar ( 0 . 05 mole) mixture of N- ethylpropiolamide, 
t hiourea and p-toluenesulphonic acid in 150ml . of 
absolute ethanol was refluxed overnight and cooled , 
wh ereupon crystals of (55 ) separated out and were 
filiered off. Concentration of the mother liquor afforded 
a n additional crop of crystals , raising the yield to 
1 2 . 5g ( 82%). Recrystallisation from ethanol gave 
c o l ourless prisms, m. p . 155-1570 , ( Found : C, 45 . 0; H, 5.5 ; 
N, 1 2 .0 ; 
N, 1 2.2 ; 
S , 18 . 4%; C13H19N304S2 requires : C, 45 . 2; H, 5 . 5; 
-1 S , 18 . 5%}j Vmax 3200-3400 (br ), 1690 , 1640 cm ; 
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NMRd6DMSO. (L values) ca . 0.5 (br )( 4H); 1.7(br)(lH); 
ca. 2.6(m) (5H); 3 . 48 (d) (J=15.1 cis ); 3 .66( d) (J=10.0 cis); 
6.8(m) (2H); 7.7 (S) (3H), 8.97(t) (3H). A comparison of 
the doublets at 3.48 Land 3. 66L showed the trans : cis 
ratio to be approx . 2:1 . 
N-Ethyl-cis-3-methylmercaptoacrylamide and N-Ethyl-trans-
3-methylmercaptoacrylamide . 
A mixture of the above isothiuronium salt (0.01 mole ), 
sodium hydroxide (0.02 mole) and methyl iodide (0.03 mole) 
in 100 ml . of 50% ethanol were stirred together overnight 
at room temperature. The neutral solution was poured into 
water and extracted several times with chloroform . 
Drying over magnesium sulphate and evaporation in vacuo 
yielded 1.2gm (82%) of crude cis and trans-N-ethyl-3-
methylmercaptoacrylamide (1: 1.9 by NMR analysis). The 
mixture was chromatographed carefully over silica gel 
(20" x 1") in benzene : chloroform=(7:3) . The cis-isomer 
eluted first and was identical in all respects to a 
sample prepared by procedures outlined in (i) and (iii). 
Further elution with the same solvent gave N-Ethyl-trans-
3-methylmercaptoacrylamide , which recrystallished from 
ether-hexane at dry ice temperature in yellow chunky 
prisms m.p. 56-59 0 • ( Found : C, 49.3 ; H, 7.5; N, 10.2%; 
C6H11NOS requires : C, 49.6; H, 7.6; N, 9.7)jV max3350, 
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1640 cm-1 iAmax2 72(14 , 240 ) m}1i NMRCDC1 3 (L values ) 
2. 40( d )( lH ) (J=15 . 1 cis) , ca 4 . 1 (br ) (1H ), 4 . 31 ( d ) (lH), 
6.6( m) ( 2H), 7 .7 ( s ) ( 3H) , 8.83 ( t ) ( 3H). 
Reaction with resonance stabilised carbanions: A 
variety of experimental conditions were employed 
depending on the pKa of the carbon acid , its properties 
and those of the products . In general , only one method 
i s described , but this does not necessarily imply that 
o t h ers were not successful . 
v) Alcohol/alkoxide systems (Carbon acids of pKa < 16) :-
s odium ( 0.005g. atom) or potassium tert-butoxide (0 . 005 
mo l e ) was dissolved in the appropriate alcohol (30-50 mI. ) 
in a three neck flask fitted with a N2-inlet , drying 
tube and dropping funnel . The appropriate carbon acid 
(0. 005 mole) was added with stirring under N2 ' and the 
solution was cooled to 0_5 0 . N-Ethyl - 3-isothiazolone 
(0.005 mole ) was added over 5-10 min . as a solution in 
the alcohol , and the reaction mixture was stirred 
overnight* , made acid with cold 2NHCI , and extracted 
* The extended reaction time was a matter of choice to 
ensu re equilibrium conditions - the reaction was usually 
f ast . In t h e cases of acetylacetone , diethyl malonate 
and ethyl acetoacetate , insoluble sodium salts were 
p recipitated. These are described later , but do not 
infl u ence t h e working-up procedure . 
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continuously with ether . After drying over anhydrous 
magnesium sulphate the solvent was removed in vacuo 
and the crude N-ethyl-3-alkylmercaptoacrylamide 
isol ated as a viscous oil in greater than 90% yield. 
Purification necessitated chromatography over silica gel 
i n benzene-chloroform mixtures , followed by crystallisation. 
Data not recorded in Table 1 were as follows : 
N-Ethyl-cis- 3-{nitromethyl)mercaptoacrylamide (C): 
crystalli sed from benzene as colourless needles m.p. 
94_5 0 (Found : C, 38.2 ; H, 5 . 2 ; N, 14.5; S, 16.1%. 
C6HI003N2S requires : C, 37.8; H, 5.3; N, 14.7; S, 16.8%) 
~max 3360, 1640, 1595, 1555 cm- 1 : A max 258 (11,950) mp . 
Ethyl 2- {N-ethyl-cis-3-acryl amido ) mercaptoacetoacetate 
(D): crystallised from benzene petroleum as colourless 
prisms m.p. 86-70 {Found : C, 50. 3 ; H, 6 .6; N, 5.7; 
S, 12.2%. C11H1704NS requires : C, 51.0; H, 6.6; N, 5. 4 ; 
S, 12. 3%);)) max 3400, 3330, 1715 , 1700, 1645, 1630 cm- 1 
(See Footnote 4, Table I); A max 26 7 (14, 750)(br) m}1 . 
The molecular ion occurred at the required m/e 259. 
3-{N-Ethyl-cis-3-acrylamido)mercaptopentan-2,4-dione (B): 
obtained from benzene-petroleum as colourless prisms m. p . 
136-70 ( Found C, 52.5; H, 6 . 4 ; N, 6.1; S, 14.3%. C10H1503NS 
r equires : C, 52 . 4 ; H, 6.6; N, 6.1; S, 14.0%) ;)) max 3300, 
1630 cm- 1 ;Amax 258 (14,900) mp . 
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2- (N-Ethyl-cis-3-acrylamido)mercaptocyclohexanone (Q): 
c rystallised from ethanol as colourless prisms m.p . 
1 30-2 0 (Found: C, 57.9; H, 7 . 5 ; N, 5 . 9; s , 13 . 8%. 
C11H1702NS requires: C, 58.1; H, 7. 5; N, 6.2 ; S , 14 . 1%); 
~ max 3370 , 1710, 1635 cm- 1 ;A max 277 (13 , 320)mp . 
Tr ituration of the crude product , from which Q was 
obtained , with ether left an amorphous colourless solid, 
which formed gels on atte~pted recrystal1isation. No 
satisfactory analysis could be obtained. The NMR 
spectrum indicated 2,6-disubstitution of the cyclohexane 
ring with two molecules of the isothiazolone being 
involved . The signals were otherwise similar to those 
o f Q, and the product is possibly a mixture of 
stereoisomers of the 2 , 6-disubstituted ketone. It had 
))max 3380 br , 1703 , 1640 cm-1;~max 278 (23 , 500) my . 
N_Ethyl_3_(~_methoxyphenacyl)mercaptoacrylamide (0) : 
crystallised from acetone-petroleum as colourless 
p l ates m.p . 145-148 0 (Found : C, 59 . 9; H, 6.2; N, 5 . 0 ; 
8 , 11. 4% . C14H1703NS requires : C, 60 .2 ; H, 6.1; N, 5 . 0 ; 
S, 11. 4%); IJ max 3370 , 1720 , 1638 cm- 1 ; A max 267 br 
(1 4 , 220 ) mp . 
v i ) sodium Hydride!Dimethylformamide or l,2-Dimethoxyethane 
(Carbon acids of pKa 16-25) : - sodium hydride ( 0 . 005 mole) , 
wash ed free of oil with pentane , was suspended in the 
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dry solvent ( 50-100 ml. ) in the apparatus described 
above , and the carbon acid (0.005 mole) was added with 
stirring under N
2
. After H2-evolution had ceased the 
reaction mixture was cooled to 0_5 0 , and the reaction 
c arried out essentially as described above. Yields were 
greater than 90% . Physical data not recorded in Table 
I were as follows :-
2-Cyano-2-(N-ethyl-cis-3-acrylamido ) mercaptoacetate (A) : 
was obtained from benzene-petroleum as colourless plates, 
o 
m.p. 112-4 ( Found : C, 49 . 3; H, 6. 0; N, 11.3; 5, 13 . 6% . 
C10H1403N25 requires: C, 49 . 6; H, 5 . 8; N, 11 .6; 5 , 13 . 2%); 
)) 3300 , 2250 , 1735, 1630 cm- 1 ; A 267 (11 , 920) mu . 
max max J 
Diethyl 2-(N-ethyl-cis-3-acry1amido)mercaptomalonate (E): 
obtained from benzene-petroleum as colourless prisms, 
m. p. 104-50 ( Found : C, 50 . 5 ; H, 6 . 8 ; N, 5 . 1; 5,11.3%. 
C1 2H1905N5 requires : C, 49 . 8; H, 6 . 6 ; N, 4.8 ; 5, 11.1%); 
1J max 3320,1755 ,1725 ,1630 cm-
1 ;Amax 272 (14 , 040) mp . 
The same product (m. p. and mixed m.p. ) was formed on 
a cidification of the sodium salt precipitated from the 
same reactants in ethanolic ethoxide solution . The 
molecular ion occurred at the required m/e 289 . 
Ethyl 2 benzoyl 2- (N- ethyl-cis-3 - acrylamido)mercaptoacetate 
(J): crystallisation from benzene-petroleum afforded 
o 
colourless needles , m. p . 129-30 ( Found : C, 59 .8; H, 6 .0; 
N, 4. 3 ; 5 , 9.9%. C16H1904N5 requires : C, 59.8; H, 6 .0; 
N, 4.4; S, 10.0%);)lmax3320 , 1737, 1673, 1633 
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-1 
cm ; 
~ max254 ( 18,510) , 275 sh (16,690) mp. 
2'-(N-Ethyl-cis-3-acrylamido)mercaptoacetophenone (G): 
crystallised from benzene-petroleum as colourless 
plates,m.p. 101-30 (Found: C, 62.4; H, 6.0; N, 6 . 1; 
S, 12.8%. C1 3H1502NS requires: C, 62.6; H, 6.1; N, 5.6; 
S, 12.8%; Vmax(CHC13) 3480, 1670, 1650 cm- 1 ; A max 
248 (16,950), 272 (17,010) n;u. 
2', 2'-bis(N- Et hyl-cis-3-acrylamido)mercaptoacetophenone 
( H): obtained from dioxan-petroleum as colourless, 
microcrystalline powder,m.p. 196-80 decomp . (Found: 
C, 57 . 1; H, 5 . 9; N, 7. 4 ; S, 16 . 9%) ; \J 3350, 1675, max 
-1 "'lo. 1640 cm ; / \ max 278 (31,100), 255 sh (24,750) mp . 
vii) Potassium Triphenylmethide!l,2-Dimethoxyethane:-
reaction between ethyl acetate and N-ethyl-3-isothiaz-
olone was carried out in this system . Nucleophilic 
attack by the triphenylmethide ion was not observed. 
Potassium triphenylmethide was prepared according to 
the method of House and Kramer 179 , and the experimental 
procedure thereafter was essentially as described in 
(ii). After the red colour of the triphenylmethide 
ion was discharged by the addition of ethyl acetate 
(1.0 mole equivalent) , N-ethyl-3-isothiazolone (1.0 
mol e equivalent) in a little dimethoxyethane was added, 
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and the reaction mixture was processed as before, using 
glacial acetic acid as the quenching acid. 
Ethyl 2_(N_ethyl-cis-3-acrylamido)mercaptoacetate (S) 
was obtained in 65% yield, crystallising from benzene-
o 
petroleum as colourless needles m.p. 89-91 (Found: 
C, 49.5: H, 6.8: N, 6.6: S, 14.8%. C9H1503NS requires: 
C, 49.8: H, 7.0: N, 6.5: S, 14. 7%): lJ 3330, 1 715, max 
1640 cm- 1; A max 276 (14,960) mp. 
viii) Reaction with K2C03/acetone:- N-Ethyl-3-isothiazolone 
(0.005 mole ) in anhydrous acetone (25 mi.) was refluxed 
for 12 h. under N2 in the presence of anhydrous K2 C03 
(0.02 mole ), the mixture was filtered, the solvent removed 
and the residual gum chromatographed over silica gel 
in ether-chloroform= (1: 9 ).(N-Ethyl-cis- 3- acrylamido ) 
mercaptoacetone (K, 0.6g.) was eluted first, and 
sublimed at 65 0 /0.1 mm . as colourless needles m.p. 
o 72-4 (Found: C, 51.3: H, 6.8: N, 7.2; s, 17.3%. 
C8H130 2NS requires: C, 51.3: H, 7.0: N, 7.5: S, 17 . 1%): 
V max 3260, 1695, 1630 cm- 1 /\. max 274 (14,000) my. 
Further elution with the same solvent gave 1,3-bis-
(N_ethyl_cis_3_acrylamido)mercaptoacetone (M, 0.28 g.) , 
which crystallised from ethanol-ethyl acetate as 
colourless prisms m.p. 161-30 (Found: C, 48.7: H, 6.1: 
H, 6. 4 ; N, 8 . 9 ; S, 20 . 2"/0 ) ; ))max 3350 , 1685 , 1635 
c m- 1 ; A max 2 77 ( 26 , 950 ) mp . 
ix) Reaction with potassium t-butoxide/acetone in 
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t-butanol.- The experimental procedure was that described 
u nder (v), using acetone (0.006 mole ) in tert - butanol , 
with an equimolar amount of potassium tert-butoxide . The 
c r ude product was isolated and triturated with 
chloroform , the insoluble solid ( 0 . 22 g .) being filtered 
o ff . Solution in dimethyl sulphoxide followed by 
p recipitation with water gave an amorphous , colourless 
s o l id , l , l , 3,3-tetrakis(N-ethyl-cis- 3-acrylamido)mercapto-
acetone 
o ( p , 0 . 22 g .), m.p . 20 4-7 ( Found : C, 4 7. 9 ; H, 6 . 3 ; 
N, 9 . 5 ; s, 21 . 9% . C23H3404N5S4 requires : C, 48 .1; H, 5. 9 ; 
N, 9. 8; 
- 1 
S , 22 . 3%); V max 3300, 1680 , 1640 cm ; A max 
282 ~ . Chromatography of the residual oil over silica 
in benzene-chloroform ( 1 : 1 ) afforded the previously 
p repared compound K (0 . 32 g .), while further elu tion 
wi th chloroform afforded l , l-bis(N-ethyl-cis-3- acryl -
amido ) mercaptoacetone ( L , 0 . 22 g .), c rystallising from 
di oxan as colourless prisms m. p . 168-71 0 ( Found : C, 49 .0 ; 
H, 6. 4 ; N, 8 . 8 : S, 20. 4% . C13H20N203 S 2 requires : C, 49 . 3 : 
H, 6. 4 : N, 8 . 9: S, 20. 2%): )) max 3300, 1700 , 1630 cm- 1 : 
/\, max 282 ( 29 , 820 ) mp . Addition of 5% EtOH to the 
eluting solvent afforded a g um, wh i ch on precipitation 
from dimethyl s ulphoxide by water yielded an amorphous 
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colourless solid , 1,1 , 3-tris(N-ethyl-cis-3-acrylamido) 
o 
mercaptoacetone(N, 0.15 g .), m. p. 180-2 (Found: 
C, 48 . 8 ; H, 6 . 2; N, 9 . 2; S, 21. 5%. C18H2703N4S3 
C, 48.5; H, 6 .1; N, 9 . 4; S, 21. 6%) ; V max 3280 . 
1640 -1 ;.\. 280 cm ny. 
max 
requires: 
1690 , 
x) Sodium Salts from Carbanion Attack : reaction of 
N-ethyl- 3-isothiazolone with diethyl malonate , ethyl 
acetoacetate or acetyl acetone in ethanolic sodium 
ethoxide resulted in the formation of insoluble sodium 
salts, which were filtered off, washed with alcohol and 
ether, and dried in air. Examination of the salt from 
acetyl acetone showed the presence of a mole of ethanol 
of crystallisation (lost at 50 0 /0 .1 mm .), and a mo le 
of acetylacetone . The latter could not be removed by 
drying, presumably being coordinated to the cation; 
a solution of the salt free from acetyl acetone could 
be prepared by solution of the parent compound (B) in 
the appropriate base . 
( a ) 60 Mc. NMR Spectra: Cl-values ; J in c.p.s.) 
Sodium Salt from Acetylacetone :- in d 6-DMSO , 2 . 28 
(broad triplet , N~) , 3.53 (doublet, ~3 ), 4 .36 (doublet , 
J = 10.5), 6.90 (broad multiplet, N-C~2) ' 7.96 
2,3 
(singlet , 2xC~3-CO ), 8.99 ( triplet , N-CH 2-C~3)' In D20 
3.22 (doublet , ~3) , 4 .1 3 (doublet , H2 . J2,3 = 10.6), 6.68 
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(quartet , N-CH 2), 7. 88 (singlet , 2 x CH -CO), 8 . 82 - - 3 
(t riplet , N-CH2-C~3 ) . The salt containing acetyl acetone 
showed an additional 6-proton singl et at 7. 61. 
Sodium Salt from Ethyl Acetoacetate : in d 6-DMSO , 2 . 42 
(broad triplet , N~) , 3 . 53 and 4 . 46 (doublets , J = 10 . 6, 
H3 and ~2 ), 6.12 (quartet , J = 6 . 5 , O-C~2 )' 6 . 90 
(b road multiplet , NH- CH 2) , 7 . 92 (singlet , CO-CH ), 
- -3 
8 . 90 ( triplet , J = 6 . 5 , O-CH2-C~3 )' 8 . 98 ( triplet , 
J = 7.0, N-CH2-C~3 ). 
s odium Salt from Diethyl Malonate (5 7) : in d 6DMSO , 
2.50 (broad triplet , N~) , 3 . 49 and 4 . 51 (singlets , 
J = 10.7, ~3 and ~2 ), 6 . 10 (quartet , J = 6 .7, 2 x O-C~2 )' 
6.9 (broad multiplet , N-CH 2) , 8 . 92 , ( triplet , J= 6 .7, 
2 x O-CH2-C~3) ' 8 . 98 ( triplet , J = 7.0, N-CH2-C~3 )· 
(b ) Action of water on the Sodium Salts : each of t he 
a b ove salts was dissolved in water (or D20) and the 
NMR spectrum followed with time , olefinic doublets 
due to the salts (J = 10 . 6 ) being replaced by those due 
to N-ethyl-3-isothiazolone ( 1.50 and 3 . 68 , J = 6 . 5 ) as 
ej ection of the carbanion took place . The reaction was 
complete within a few minutes in the case of diethyl 
ma l onate , while in that of acetyl acetone no ejectiop 
occu rred over the course of a day ( some decomposition 
occurred , h owever ) . The salt obtained from ethyl 
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a cetoacetate reverted to starting materials over the 
course of some hours . Repetition of the experiments in 
DMSO or dimethylformamide failed to show any evidence 
of carbanion ejection in any of the salts . 
xi) Equilibrium Studies : Deuterium Scrambling in the 
Diethyl 2-( N-ethyl-cis-3-acrylamido)mercaptomalonate ( 63 )-
N-Ethyl-3-isothiazolone system . 
Preparation of materials : cis-2 - deuterO-N-ethyl -3-
thiocyanoacrylamide was prepared by adding N-ethyl -
propiol amide (9.7 g .i 0.1 mo le) to a solution of 
ammonium thiocyanate (15 g .i 0.2 mole ) in 100 mi . of 
2M deuterium chloride (0. 2 mole ) at 0 0 followed by the 
55 us~al procedure . 4-Deutero - N-ethyl-3-isothiazolone 
(8. 5 g.i 65%) sublimed at 50 0 and 0.5 mm . as colourless 
pri sms m. p . 62-65 0 i NMRCDC13 (Lvalues ) 1 . 89(s), 6 .14(q) , 
8.67 ( t ). Small doublets centred at 1 . 89L and 3 . 75L 
(J = 6.4 cis) showed the compound to contain about 9 3% 
deuterium on C-4 . The molecular ion occurred at the 
required mle 1 30 . 
Diethyl 2-(N-ethyl-2-deutero -cis-3-acrylamido ) mercapto -
malonat e ( 63 ) (1. 3 g i 89%) was prepared from 4-deutero-
N-ethyl -3-isothiazolone (0.00 5 mole ) by the procedure 
outlined in (v) using absolute ethanol . Recrystallisation 
.... 
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from benzene-petroleum afforded colourless prisms m.p . 
o 105-107 i NMR spectroscopy (CDC1 3) showed a singlet 
at 1L2.80 and two small doublets (ca. 5%) centred at 
2.81 and 4 .11 (J = 10.1 cis) . The molecular ion 
occurred at the required mle 290. 
a) The above compound (1.45g.i 0.005 mole) was dissolved 
in anhydrous tert-butanol and a molar equivalent of 
freshly sublimed potassium tert-butoxide in tert-
butanol added at 0 0 with stirring. The stirring was 
cont inued for 15 mins . and a molar equivalent of 
unlabelled N-ethyl-3-isothiazolone (0.575 g .) was added 
rapidly. After a further 30min. stirring , the reaction 
was quenched wi th cold 2N HCl and worked-up as described 
in (v) . The recovered mixture of N-ethyl-3-isothia-
zolone and alkylmercaptoacrylamide (1.72 g. ) was 
chromatographed on silica (14" x 1") in benzene: chloroform = 
( 7: 3 ), and the separated products examined by NMR using 
the alkyl groups as internal integration standards . The 
spectrum for N-ethyl-3- isothiazolone now showed ~ 44% 
d eaterium incorporation on C-4 , whereas the recovered 
diethyl 2- (N-ethyl-cis-3-acrylamido)mercaptomalonate 
showed a similar drop in deuterium content (~50%) as 
evidenced by t h e appearance of a pair of vinylic 
I 
200. 
doublets at L 2.85 and L 4.08 (J=10.1 ci s ). 
b) Equimolar amounts of 4-deutero-N-ethyl-3-isothiazolone 
(0 .65g.; 0.005 mole) and the sodium salt (57) from 
diethyl-2-(N-ethyl-cis-3-acryl amido )mercaptomalonate 
( 1 . 56g. ; 0 . 005 mole ) were stirred together overnight in 
dry dimethylformamide under N2 . The reaction was poured 
into cold 2N hydrochloric acid and worked-up in the 
normal way. The crude mixture (1.8g . ) was chromatographed 
as described above and the recovered products examined by 
NMR. The 4-deuterO-N-ethyl-3-isothiazolone showed a 
48% deuterium loss at C-4 . A corresponding deuterium 
incorporation (± 2%) occurred at C-2 in the alkyl-
mercapto acrylamide . 
xii ) Procedure for ultraviolet examination of the 
breakdown of cis-alkylmercaptoacrylamides (78) in 
aqueous base . 
Stock solutions of the alkylmercaptoacrylamides 
(10 3M) in 90% aqueous ethanol (spectroscopic) were 
prepared and allowed to equilibrate in a constant 
o + 0 temperature room (20 - 1). An aliquot was added to 
ethanolic sodium hydroxide (0.02M) so as to give a 
final concentra tion of 10-4M, and the absorbance at 270 my 
( E initial 'V 14 , 000) was recorded with time over several 
half lives . The absorption was unaffected for the 
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alkylmercaptoacrylamides from acetyl acetone and 
ethylcyanoacetate; in the case of that from diethyl 
malonate, the conversion to N-ethYl-3-isothiazolone 
( A max282 (6150)~) was complete within a few minutes. 
The products from nitromethane ethyl benzoyl acetate 
and ethyl acetoacetate slowly reverted and the 
breakdown was complete within one hour. The reversion 
was much slower in those cases from acetone and 
cyclohexanone , while no change in absorbance with time 
was observed with the products from phenylacetylene and 
ethyl acetate . 
SECTION 2 
Formation of 2,4-bis(N-ethylcarboxamido)methylene-1 , 3-
dithietane ( 84 ) 
i ) Reaction of N-ethyl-3-isothiazolone with tertiary 
carbon acids : The experimental procedures fo llowed are 
essentially as described in Section 1, pts .( v and vi) . 
The following tertiary carbon acids were used :- diethyl 
methylmalonate , ethyl OC-benzoylpropionate , ethyl 
~-cyanopropionate, isobutyrophenone and triethyl 
1, 1, 2-ethane tricarboxylate . The reaction was 
independent of the method adopted o r the carbon acid 
employed. In all cases the reaction mixture developed 
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a strong yellow colour and after several minutes a 
highly insoluble solid slowly precipitated. This 
solid was filtered (0.5 5-0.62 g.) and the filtrate 
acidified with 2N hydrochloric acid (50 mI.) and 
extracted repeatedly wi th ether . The extracts were 
dried over sodium sulphate and evaporated in vacuo to 
give the unchanged carbon acid in greater than 90% 
yield. Successive heatings of the filtered solid with 
ethanol , benzene and dimethylsulphoxide (to dissolve 
out impurities) gave an analytical sample of 2 , 4-bis-
(N-ethylcarboxamido)methylene-1 , 3-dithietane(84). The 
final product was obtained as a colourless powder/m . p . 
o 268-70 (Found: C, 46.7; H, 5.7; N, 10 . 5; s, 23 . 9% . 
C10H1402N2S2 requires: C, 46.5; H, 5 . 5; N, 10 . 8; 
S, 24 . 8%); ~max 3310, 1630 cm-1 ;Amax 293 sh , 303 
( 36 , 600), 318 (30,950) mp ; NMRd6DMSO (L values) ca . 
2 .0(br. s ); 3.80(s), 6.8(m); 8.92(t). The molecular 
ion (70 eV) occurred at the required m/e 258. 
ii) N-Ethyl-3-isothiazolone was subjected to the 
experime ntal procedures described in Section 1 (v - vii) , 
wi th the exception that no carbon acid was uSed. A!1 
insoluble solid (80-95%) precipitatej within minutes 
anj was identical in all respects to 2 , 4-bis(N-ethyl-
carboxamido ) methylene-1 , 3-dithietane (84) described 
20 3 . 
above . The same result was achieved when N-ethyl -3-
isothiazolone was stirred in 5N sodium hydroxide 
solution at room t emperature , or with an equimolar 
amou nt of sod amide in liquid ammonia at dry ice 
temperature . 
iii) 2 , 4-bis ( N_Methylcarboxamido) methylene-l, 3-di thietane 
N_ Methyl-3 - isothiazolone was prepared as described
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and 
sublimed at 50 0 and 0 .5 rom to give colourless crystals 
o m.p. 54-56. This compound (0.57 g ; 0.005 mole ) was 
dissolved in anhydrous tert-butanol (15 mi .) and a 
catalytic amount of potassium added under nitrogen . The 
reaction was stirred overnight and the precipitated 
solid filtered (0.50 gi 88%). Repeated washings with 
hot solvents gave an analytical sample of t he 
1,3-dithietane as a pale-yellow powder , m. p . > 25 0
0 
(Found: C, 41 . 4 i H, 4.6i N, 11.9i s, 2 7.7%. C8H10N202S2 
requires: C, 41.7i H, 4.4i N, 1 2 . 2 i S, 27.8)~ ))max 3300, 
1640 cm- 1; A.. max 293 sh , 305 ( 35 , 500),3 22 ( 30, 420 ) mp . 
The molecular ion occurred at the required mle 230. 
iv) 2 , 4_bis (N_Benzylcarboxamido)methylene-1 , 3-dithietane 
N_benzyl-3-isothiazolone was prepared as described
63 
to 
give wh ite leaflets, m. p . 76_770 . 
This compound (0.57 g i 0.003 mole ) was stirred in 5N 
sodium hydroxide solution for two hours and the precipitated 
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solid filtered off (0. 49 g.; 86%). Recrystallisation from 
dimethylsulphoxide gave the l,3-dithietane as a 
slightly yellow solid, m.p . > 270 0 , (Found: C, 62.2; 
H, 5.1; N, 7.3; 5, 16.6%. C20H18N202S2 requires: C, 62.8; 
H, 4.8; N, 7.3; 5, 16. 7%) ; NMRd6-DMSO 1.4 (br t, 1H) , 
2.71 (br s , 5H) , 3.7 (s, 1H) , 5.65 (br d, 2H) ;A. max 
295 sh , 309, 325 m)l; )}max 3280; 1640 cm- 1 . The 
molecular ion occurred at the required mle 382 . 
v) 2,4-bis(N-Ethylcarboxamido )deutero -methylene-1,3-
dithiet ane . 4-Deutero-N-ethyl-3-isothiazolone was 
prepared as outlined in Section 1, pt . (xi) and subjected 
to the reaction described in (iii). The isolated 
l,3-dithietane had a molecular ion at mle 260, which 
showed no loss of deuterium occurred during dimerisation. 
Examination of the NMR spectrum (obtained by averaging 
320 spectra by a general purpose PDP-8/s computer on 
line with the spectrophotometer) showed an absence of 
any signal at L 3.8 . 
vi) 2,4-bis(1-Bromo-1-N-ethylcarboxamido)methylene-1,3-
dithi etane (10 3). A suspension of 2 , 4-bis(N-ethyl-
carboxamido)methylene-1,3-dithietane (1.03 g.; 0.004 mole) 
and bromine (1.44 g .; 0.009 mole) in chloroform were 
refluxed for two hours and the solvent removed in vacuo . 
The crude dibromo compound (103) crystallised from cold 
dimethylsulphoxide on dilution with water as a white 
microcrystalline solid (1.4 g .; 87%), m.p . 250-254 0 dec . 
205. 
(Found: C, 28 .9; H, 2 .9; N, 6.6; 5, 15.5; Br , 38 . 4% . 
5, 15.4; Br, 38 .4%); A 310(sh), 325 ( 38 ,400), 
max 
340 ( 38 , 750) i )) max 3380 , 1630 cm -l j NMRd6 . DMSO (L values ) 
ca. 1. 7 (br. t ) ( 2H) , 6.8(m) ( 4H), 8 .96 ( t ) ( 6H) . The 
molecular ion occurred at the required mle 414 
79 79 79 81 81 81 (Br Br )i 416(Br Br ), 418 ( Br Br ) and were in 
the correct ratio (1: 2:1 ). 
vi i ) 4_Bromo-N-ethyl-3-isothiazolone (104) 
a) N-Ethyl-3-isothiazolone (0.516 gi 0.004 moles ) was 
di ssolved in 10 mi. of glacial acetic acid and bromine 
(0. 80 g; 0.005 moles ) added dropwise with stirring . 
The stirring was continued for a further 2 hr . and the 
reaction poured into cold water (100ml ). The solution 
wa s continuously extracted with ether, dried over 
magnesium sulphate , and evaporated in vacuo to give 
crude 4_bromo_N_ethyl-3-isothiazolone (10 4 ) (0.76 g; 90%). 
Puri fication by sublimation at 50 0 (0.1 mm ) gave a 
chunky yellowish solid (hygroscopic ) m. p . 38 _ 42 0 . The 
mol ecul ar ions occurred at the required mle 207 and 209 
in the correct ratio (1:1) i ~ max 1610 (br ) -1 cm i A. max 
283 (7 550) m}l i NMRCDC1 ('tvalues ) 1. 6 7 ( s )(lH), 3 
6.09 (q) ( 2H) i 8 . 65 (t) ( 3H). 
b) 4_ Bromo_N_ethyl-3-isothiazolone (0.6 2 g i 0.003 moles ) 
was dissolved in absolute ethanol (10 mi.) and treated 
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with a catalytic amount of sodium. The reaction was 
stirred for one h ou r and the solvent removed in vacuo 
to give crude 2,4_bis(1-bromo-1-N-ethylcarboxamido) 
me thyl ene-1 ,3-dithietane (103) (0.58 gi 93%) identical 
in all respe cts to a sample prepared as d escribed above . 
viii) 5_Phenyl -N-ethyl-3- isothiazolone ( 93) 
a) A mixture of phenylpropiolic acid 180 (1 4 . 6 gi 0.1 mole) 
and SOC1
2 
(1 4.3 gi 0.1 2 mole ) in 100 mi. of dry benzene 
were heated at 60 0 for 4 hours and evaporated in vacuo. 
The crude phenylpropioloyl chloride was dissolved in 
100 mi . of benzene , cooled to 0 0 and ethyl amine (9.0 gi 
0. 2 mole ) in 50 mi. of benzene added slowly with stirring . 
Stirring was continued f or a furth e r 2-3 hr. and the 
rea ction mixture poured into water . The benzene l ayer 
was separated, wash ed with 2N hydrochloric acid , several 
portions of water and dried over magnesium sulphate . 
Evaporation in vacuo gave crude N-ethyl phenylpropiolamide 
o . 181 0 (11. 2 gi 65%) m. p . 58-60 , llt. 63) )) 3320 , max 
2210, 1640 cm- 1 . 
b) The crude N_ethyl_phenylpropiolamide (9 gi 0.05 2 mole ) 
was converted to S_(1_ ph enyl-2-(N-ethylcarboxamido)-
ethylene ) isothiuronium p_toluenesulphonate as described 
in s ection1 , iv ). Yield 18 g.(82%), colourless 
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crystalline compound m. p . 197-198 0 . 
c) The above compound (8. 4 2 g; 0.02 mole) was stirred 
with sodium hydroxide (1.6 g; 0.04 mol e ) in aqueous 
ethanol overnight and poured into iced 10N hydrochloric 
acid. The precipitated solid was filtered off . washed 
thoroughly with water and recrystal li sed from ethanol 
as yellowish chunky crystals of N-ethyl- f3 -mercapto-
cinnamide (95) m.p. 140-141 0 (Found: C, 63.7; H, 6 .3; 
N, 6.8; S, 15.2%. C11H13NOS requires: C, 63.8; H, 6.3; 
N, 6.8; S, 15.4%; LJmax 3280, 2650(br), 1615; Amax 235, 
250 (sh), 292 m)l; NMRCDC1 ("[values) 0.90 (br.s) (1H), 3 
ca 2 .6 (m) (5H), 3.98 ( s) (lH), 6 . 6 (m) (2H), 8 . 81 (t) (3H). 
d) The above compound (0.40 g; 0.002 moles) was dissolved 
in 35 mi . of methanol and pyridine (0.316 g; 0.004 moles) 
added . The reaction mixture was titrated with methanolic 
iodine solution (0.3M) until the faint colour of iodine 
persisted (63 mi.), and then poured into 100 mi . of 
water. The solution was extracted with chloroform, 
dried over sodium sulphate and evaporated in vacuo to 
give 5-phenyl-N-ethyl-3-isothiazolone (9 3) (0.35 g; 89%) 
purified by sublimation at 80 0 (0.1 mm ); colourless 
prisms m.p. 88_90 0 (Found: C, 64 .7; H, 5.7; N, 6.5; 
S, 15.5%. C11H11NOS requires: C, 64 . 4; H, 5 . 4; N, 6.8; 
S, 15.6%; V
max 
1640(br.) cm- 1 ;Amax 272 (22,400). 292(sh) mJl; 
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NMRCDC1 (l:"values) 2.S6 ( s) ( SH), 3.S3(s) (lH), 6.14(q) (2H), 3 
8.64 (t) (3H). The molecular ion occurred at the required 
m/e 20S. 
( e ) N-Ethyl-~-mercaptocinnamide (9S) (0.83 g; 0.004 mol e ) 
in 20 mI. of dry benzene was added dropwise to a stirred 
solution of sodium hydride (0.096 g; 0.004 moles) in 
10 mI. of benzene under nitrogen . After the evolution of 
gas had ceased the solution was slowly added with stirring 
to cyanogen bromide (0.S3 g; O.OOS mole) in 10 mI . of 
benzene at 0 0 • (During this addition hydrogen cyanide , 
detected by its characteristic smell , was evolved 
from the reaction mixture ). The reaction mixture was 
stirred for 2 hr ., poured into wate r (100 ml ) and 
extracted with chloroform . Drying over sodium sulphate 
and evaporation in vacuo afforded S-phenyl-N-ethyl-3-
isothiazolone (0.7 g; 84%) identical in all respects to 
that described above . 
f ) N-Ethyl-~ -mercaptocinnamide (0.62 g; 0.003 mole) in 
10 mI . of l,2-dimethoxyethane was added slowly to a 
stirred solution of cyanogen bromide (0.43 g; 0.004 mole ) 
in 10 mI . of l , 2-dimethoxyethane . The reaction became 
warm and the smell of bitter almonds (HCN) was detected. 
sti rring was continued for 2 hr. and the reaction mixture 
poured into water (100 mI .). continuous extraction with 
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ether , etc. gave 5-phenyl-N-ethyl-3-isothiazolone 
(0. 57 g ; 9 2% ) identical in all respects to that described 
in ( d ). 
ix) 5-Methyl-N- ethyl-3-isothiazolone (97) 
A mixture of 2 . 3 9 (0.0 2 mole ) of 5-methyl-3-isothiazolone53 
o (9 6 ) (m.p. 96-98 , molecular ion , mle 115), ethyl iodide 
(4.68 g; 0.03 mole ) and anhydrous lithium carbonate 
(2.9 6 g; 0.04 moles ) in 15 ml . of dry acetonitrile was 
heated at 50_60 0 in a sealed tube with sti rr ing . After 
2 day s the tube was cooled, opened and the contents 
filt ered. The filtrate was concentrated on a rotary 
evaporator a t l ow temperature and the yellow oil 
chromatograph ed at once on a short alumina column 
(14" x 1!:!") in a mixture of ether ( 20%) and carbon 
tetrachloride (80%). 3- Ethoxy- 5-methyl-i sothiazole (98 ) 
(1.6 g; 56%) was eluted rapidly ; b . p . 153-50 colourless 
oil; )} max 1560 cm- 1 ; A. max 256 (7 21 0) m}l ; NMRCDC13 
(t values ) 3 .70 (m) (lH) 5 . 62 (q ) ( 2H), 7. 56 (m) ( 3H), 
8.6 2 ( t ) ( 3H). The molecul ar ion occurred at the required 
mle 143. Further elution of the column with chloroform 
g ave 5-methyl-N-ethyl-3-i sothiazolone ( 97) (0.8 g; 28%) 
as a vi scous highly hygroscopic oil , which sublimed at 
-1 
60 0 (0. 5 mm .); j) 1610 (br ) cm ; Amax 273(6850) 290 
max 
( sh ) mJl ; NMRCDC1 ("(values ) 4 .0 (m)U H), 6 .19 (q)(2H), 3 
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7. 60 (m) (3H), 8.70 ( t) (3H). The molecular ion occurred 
at the required m/e 143 . 
x ) Treatment of 5-substituted N-ethyl-3-isothiazolones 
with base. 5-Phenyl-N-ethyl-3-isothiazolone (0.005 mole ) 
was dissolved in absolute ethanol and a molar equivalent 
of sodium ethoxide added . The reaction was stirred 
overnight and poured into 50 mI. of 2N hydrochloric 
acid. The unchanged substrate was recovered in greater 
than 90% yield by extraction with ether, drying over 
sodium sulphate and evaporation in vacuo. In an identical 
experiment, 5-methyl-N-ethyl-3-isothiazolone was recovered 
unchanged. 
xi ) 5-Deutero-N-ethyl-3-isothiazolone 
a) N-Ethylpropiolamide was shaken with excess D20 in the 
presence of a trace of anhydrous potassium carbonate , 
and the solvent removed under reduced pressure after 
one hour. After repeating the process twice, the 
transformati on of the product to 5-deutero-N-ethyl-3-
isothiazolone was carried out as described previously55. 
Ana¥sis by NMR showed that the deuterium content at the 
5-position was 97-98%. 
b) Approximately 40 mg. of the deuterated isothiazolone 
was dissolved in 0.5 mI . of absolute methanol and 
transferred to an NMR tube. 3 or 4 drops of ca. IN sodium 
~--.-. ~  .. -------------------------------------------------------------
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methoxide solution were added , and after mixing , the 
NMR spectrum followed with time . The exchange was 
observed by the appearance of the vinylic doublets at 
'L1.85 and1.3.67 (J = 6.4 cis) with a simultaneous 
loss of the singlet at L 3 . 67 due to H-4 . The exchange 
was complete within minutes , during which dimer (84) 
began to precipitate out. 
xii) 5-Deutero-3-isothi a zolone (98% deuterium by NMR) 
was prepared by the same procedure as described for 
5-deutero _N_ethyl-3-isothiazolone and the exchange 
reaction carried out as above . Exchange was substantially 
slower and took several days for completion . 
xiii) Treatment of mixed N_ethyl -3-i sothiazolone/5 - methyl-
N-ethyl-3-isothiazolone system with base. 
s odium (0.115 ~; 0.005 g . atom ) was dissolved in 
absolute ethanol (10 ml.) under nitrogen , and a solution 
containing N_ethyl-3-isothiazolone (0.645 g.; 0.005 mole) 
and 5_methyl-N-ethyl-3-isothiazolone (0.715 g.; 0.005 mole) 
in 15 ml . of absolute ethanol added dropwise with 
stirring at 0 0 . The reaction was stirred for 2 hours 
and the precipitated solid filtered and washed with hot 
ethanol . This compound (0.61 g .) was identical with 
2 , 4_bi s (N_ethylcarboxamido)methylene-l , 3-dithietane (84) 
as prepared directly from N_ethyl-3-isothiazolon e in (ii) 
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The filtrate was acidified with 2N hydrochloric acid, 
and extracted with ether . The extracts were dried over 
magnesium sulphate and evaporated in vacuo to give 
unchanged 5-methyl-N-ethyl-3-isothiazolone (0.66 g . ; 
92% recovery). 
xiv) Reaction of 5-phenyl-N-ethyl-3-isothiazolone with 
carbanions 
a) with dimethyl sodiomalonate: 5-Phenyl-N-ethyl-3-
isothi azolone (1.03 gi 0.005 mole ) was reacted with 
dimethyl mal onate (0. 66 gi 0.005 mole ) in the presence 
of sodium methoxide (0.005 5 mole) as described in 
s ection I, (v). After stirring overnight the reaction 
was quenched with 2N hydrochl oric acid and worked-up 
in the prescribed manner. An oil was obtained (1 . 57 gi 
93% recovery) containing only starting materials as 
evidenced by thin-layer chromatography and NMR 
spectroscopy. 
b) with ethylmagnesiumbromide: The reaction was carried 
out essentially in the manner described in Section I, (i i ) 
to give N-ethyl-3-phe nyl-cis-3-ethylmercaptoacrylamide 
( 65%), recrystallised from ether-petroleum as white 
prisms/m . p 165-1670 . (Found: C, 66.1i H, 7.1i N, 5.9i 
s, 13.4%. C13H17NOS requires: C, 66 . 4i H, 7.3i N, 5.9i 
S, 13 6°{,)' '., 3380, 1625 cm- 1 i A 278 (18 620 ) mu . 
• Ie I U max max r 
213 . 
NMRCDC1 ( Lvalues) 2.62 (s)(5H) , 3.97 (s)(lH) , ca. 
3 
3.4 (br)(lH), 6.6 (m)(2H); 7.56 (q)(2H); 8.81 (t)(3H); 
8.92 ( t) ( 3H). The molecular ion occurred at the 
required m/e 235. 
c ) with butyllithium: The reaction was carried out 
essentially in the manner described in Section 1 (i) 
to give N-ethyl-3-phenyl-cis-3-n-butylmercaptoacrylamide 
( 40%) recrystallised from ether-petroleum as a pale-
yellow chunky solid , m.p. 87-89 0 (Found: C, 68.1; 
H, 7.9; N, 5.0; s, 12.1%. C15H21NOS requires : C, 68 . 4 
H, 8.0; N, 5.3; S, 12.2%); J.)max 3380 , 1635 ;NMRCDC1 3 ( tvalues) 2.6(s)(5H) , ca.3.3 (br s.)(1H), 3.94 (s) , 
6 . 6 (m) (2H) , 7 . 6 (br. t)(2H) , 8 . 8 (t ), ca . 8 . 7 , alkyl 
groups UOH). The molecular ion occurred at the required 
m/e 263 . 
xv ) Reaction of 5-methyl-N-ethyl-3-isothiazolone with 
carbanibns 
a ) with methyl lithium: The reaction was carried out 
as described in Section 1 , (i ) to give N-ethyl-3-methyl-
cis-3-methylmercaptoacrylamide (85%) which was 
recrystallised from e ther-petroleum at dry ice temperature 
as a pale-yellow solid, m. p. 126-1270 (Found : C, 52 . 8; 
H, 8 . 2; N, 8 . 8; S , 20 . 0%. C7H13NOS requires : C, 52 . 6; 
H, 8 . 2; N, 9 . 0 ; S, 20.0%); ))max 3370 , 1630 cm- 1 ; /\.. max 
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283 ( 14,080) myi NMRCDC1
3 
(l: values ca. 3 .9 (br s)(lH) 
4.14 (m) (lH) , 6 . 65 (m) ( 2H), 7. 69 ( s ) (3H), 7. 82 (m) ( 3H), 
8. 86 ( t ) ( 3H). The molecular ion occurred at the 
requi red m/e 159. 
b) with diethyl sodiomalonate : The reaction was carried 
out in the manner described in Section 1, (v) to give 
diethyl 2- (N-ethyl-3-methyl-cis - 3-acrylamido)mercaptomalonate 
(125) as a viscous oil ( 55%) which did not crystallise 
(decomposition occurred on heating ). The molecular ion 
occurred at the required m/e 303i ~ 
maxliquid film 
3360, 1720 (br), 1635 cm- 1 i A max 275 mU i NMRCDC1 3 (L v alues ) ca 3 . 3 5 (br s ) (lH), 4 .0 2 (m) (lH), 5.22 (s) (lH) , 
5.67 (q ) ( 4H), 6.6 (m)( 2H) , 8 .7 ( t )(6H), 8.84 ( t )( 3H). 
xvi) cis-3-Methyl-3-thiocyanoacryl amide 
To 5- methyl-3-i sothiazolone (0.575 g i 0.005 mole ) in 5 mi. 
of water was added a solution of potassium cyanide (0.3 3g ., 
0.005 mole ) in 2 mi . of water . cis-3-Methyl-3-thiocyano-
acrylamide crystallised at once as white plates and was 
filte red (0. 28 g ). The filtrate was acidified ( 5 mi . of 
1N HC1). and a further 0. 42 9 of product crystallised out . 
Yield 85% . cis-3-Methyl-3-thiocyanoacrylamide crystallised 
from dimethylsulphoxide on addition of water as colourless 
o plates , m. p. 150-15 2 . The molecular ion occurred at the 
required m/e 14 2 i V max 3380, 3200, 2170 , 1685 , 16 35 , 1600 cm- 1 i 
A max 247 (11, 400) , 260 ( sh )i NMRd6DMSO 2 . 25 (br) (lH), 
2.60 (br ) (lH), 3 .70 (m) ( lH), 7.65 (m) (3H) (L values ). 
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xviii) Kinetics of Dimerisation of N-ethyl-3-isothiazolone 
P rocedure for kinetic runs: 
A stock solution of N-ethyl-3-isothiazolone (10-2M) 
in spectroscopic ethanol was prepared and stored in a 
c onstant temperature room (22.8 ± 0.1 0 ) away from light . 
Sodium hydroxide was dissolved in spectroscopic ethanol 
to give an approximately molar solution. The 
precipitated caLbonate was filtered , and the solution 
accurately diluted two-fold and four-fold. These 
solutions were allowed to equilibrate overnight in the 
constant temperature room in tightly stoppered flasks . 
At the commencement of the kinetic run an aliquot 
of the stock solution was added to the base solution to 
give a reaction concentration of 10-3M. At measured 
intervals of time , aliquots were withdrawn and 
accurately diluted to give a final concentration of 
10 -4M. This dilution effectively quenched the 
d imerisation, and the absorbance was recorded at 322 mp 
over several half-lives . 
The results were plotted as absorbance against time , 
and the relative rates found by comparing the tangents 
to the curves for various values of optical density . 
The tangents were measured by orienting a mirror until 
it was normal to the curve , and drawing a line 
perpendicular to the normal . 
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The possible production of significant amounts 
of intermediates or the existence of side reactions 
was checked by the existence of a well-defined isosbestic 
point at 283 my. 
xviii ) Reaction of a cetyl acetone with N-substitued-3-
isothiazolones 
A mixt ure of N-substituted-3- isothiazolone (0 . 0 0 5 
mole ) and acetyl acetone ( 0 . 005 mole ) was dissolved 
i n 20 mi . of dry benzene with 8 drops of piperidine , 
and the reaction mixture refluxed overnight . The solvent was 
removed in vacuo and the dark oily residue chromatographed 
on silica gel ( 14 " x 1 ") in benzene : chloroform ( 7 : 3). 
a ) 3- (N-carbethoxy-cis-3-acrylamido )mercaptopent a n-2 , 4- dione 
N-Carbethoxy-3-isothiazolone was prepared as described 63 , 
m. p . 1 26-128 0 . 
3- (N-carbethoxy-cis-3-acrylamido)mercaptopentan-
2 , 4-dione was eluted as a colourless oil (0 . 95 g; 70%) , 
which crystallised on scratching . Recrystallisation 
from acetone-petroleum gave a colourl ess chunky solid , 
m. p . 10 9-111 0 ( Fou nd : C, 48 . 3 ; H, 5 . 5 ; N, 5 . 1 ; S , 11. 6% . 
C1 1H15N05S requires : C, 48.4 ; H, 5 . 5 ; N, 5 . 1 , S, 11 . ~/o ). 
The molecular ion occurred at the required m/e 273 . 
V 3330 1730 1665 cm- 1 ; A 28 7 ( 15 , 540 ) n~ ; 
max " max 
NMRd ~CH OH ("( val ues ) -6 . 2 ( s )(lH) , 2 . 84 (d )( lH), 3 . 50 (d )( lH) , 
4 3 
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J = 10.0 cis , 5.74 (q ) (2H), 7. 6 7 (t) (6H), 8 .70 (t) (3H). 
b) 3-(N-Acetyl-cis-3-acrylamido)mercaptopentan-2,4-dione 
N-Acetyl-3-isothi azolone was prepared as described63 , 
m.p. 88_890 . 
3-(N- Acetyl -ci s -3-acrylamido)mercaptopentan-2,4-dione 
was eluted as a colourless oil (0.91 g; 75%), which 
crystallised on standing . Recrystallisation from ether-
petroleum at dry ice temperature gave a pale yellow 
solid, m.p. 144-1450 • The molecular ion occurred at the 
requi red mle 243 ; V 3300 (br ), 1720, 1655 cm- 1 ; 
max 
NMRCDC1 (l:'values); -7.1 (s)(lH), 0.2 (br s)(1H), 3 
2.95 ( d , J = 10.0 cis), 3 . 37 (d)(lH), 7.5 3 (s)( 3H), 
7. 62 ( s ) ( 6H) . 
SECTI ON 3 
i) Preparation of N-ethyl-cis-3-tert-alkylmercapto-
acrylamides 
Procedure : 0.005 Mole of the appropiate N-ethyl-cis-
3-sodioalkylmercaptoacrylamide was dissolved in 15 ml . 
of dry dimethylformamide of dimethylsulphoxide , and 
excess alkyl halide slowly added with stirring under 
nit rogen . The temperature was raised gradually to 
o 30-40 and stirring continued overnight . The reaction 
was poured into cold water and continuously extracted 
with ether . The extracts were dried over magnesium 
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sulphate and evaporated in vacuo to give an oily product 
containing the crude N-ethyl-cis-3-tert -alkylmercapto-
acrylamide (60-90% by NMR analysis ) . This crude 
product was chromatographed over silica gel ( 14" xl" ) 
in benzene : petrol eum : ether mixtures to give a 
colourless oil , which crystallised on trituration 
with petroleum . Recrystalli sation from the appropriate 
solvent gave an analytical sample of the N-ethyl-cis - 3-
tert-alkylme rcaptoacryl amide. 
a ) Diethyl methyl (N-ethyl-cis-3-acryl amido )mercaptomal onate : 
c rystallised as colourless needles from ether- petroleum , 
m. p . 58_60 0 ( Found : C, 51 . 2; H, 7 . 0 ; N, 4 . 8 ; 5, 10 . 5% . 
C1 3H21N05S requires: C, 51 . 5; H, 7.0; N, 4 . 6 ; 5, 10. 6% ) ; 
~ max3300 , 1 735 , 1640 cm- 1 i A max 2 75 br (1 2850 ) mp; 
NMRCDC13 (L values) 2 . 88 ( d , 1H) , ca. 3.9 (br l 1H) , 
4 . 09 (d , J = 10 . 1 cis , 1H), 5.75 (q , 4H), ca. 6 . 6 (m, 2H) , 
8. 25 ( s , 3H), 8 . 73 ( t , 3H ) . The molecular ion occurred 
at the required m/e 303. 
b) 3_Methyl_3_(N_ethyl_cis_3_acrylamido) mercaptopentan-
2 , 4-dione ( 146 ) ; crystallised from benzene-petroleum 
after standing for one week/as a colourless chunky solid , 
m. p . 107-109 0 • (Found: C, 54.6; H, 7. 2 ; N, 5 . 5 ; 5 , 1 3 . 1% . 
C1 1H1703 NS requires : C, 54 . 3 ; H, 7.0; N, 5 . 8 ; 5 , 1 3 . 2%) ; 
V max33 70, 1695 , 1635 cm- 1 ; A max 274 br ( 14 , 280 ) mp ; 
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NMR ( Lvalues) 3.48 (d, 1H) , ca.4.0 (br , 1H) ~C1 - , 
3 
4.11 (d , 1H; J = 10.0 cis ), ca. 6.6 (m, 2H), 7.7 2 ( s , 6H) , 
8.34 ( s , 3H), 8.93 ( t , 3H). 
c) Ethyl 2_acetyl_2_(N_ethyl_cis_3_acrylamido ) mercapto-
propionate (1 41 ) 
NMR examination of the crude N-ethyl-cis-3-tert-
alkylmercaptoacrylamide showed the presence of a second 
product ( ca . 18%). separation by preparative thin-layer 
chromatography run on silica gel in a solvent mixture 
of benzene : petroleum : acetone = 4:6 : 1 gave a 
colourless oil identifi ed as ethy l 4-methylthio-4-acetyl-
N- e hylglutaconamide (1 38 ). This compound darkened on 
standing and decomposed on heating . The molecular ion 
occurred at the required m/e 273; ~ a 3420 , 
m Xliq.film 
1705, 1670 , 1625 cm- 1 ; NMRCDC1 (Lvalues ) ca . 3 
2 . 3 (br , 1H) lost on deuteration , 3 . 05 (d, 1H) , 
4.76 (d , 1H , J = 6 . 1 cis) , 5.66 (q , 2H) , 6 . 8 (m, 2H) , 
7. 56 ( s , 3H), 7.72 ( s , 3H), 8 . 63 (t, 3H), 8 .79 (t, 3H). 
Ethyl 2_acetyl_2_ (N_ethyl-cis-3-acrylamido ) mercapto-
propionate (141) was isolated as a viscous oil that 
crystallised on trituration in hexane. Recrystallisation 
from eth er gave white plates , m.p . 76-770 (Found: C, 53 . 0; 
H, 6.9; N, 5 . 3 ; s , 11.8%. C12H1gN04S requires : 
C, 52 .7; H, 7.0; N, 5 . 1 ; S , 11.7%); )}max 3360 , 1745 , 
1708, 16 35 cm- 1 ; A max2 7 2 (12,640) mJ1; NMRCDC1 3 (L values) 
-220. 
3.29 ( d , 1H), ca. 3 . 5 (br , 1H), 4 .0 2 ( d , 1H, J = 
10.0 cis ), 5.72 (q, 2H), 6 . 6 (m, 2H), 7.70 ( s , 3H) , 
8. 30 ( s , 3H), 8 .71 ( t , 3H), 8.83 ( t , 3H). 
d) Ethyl 2-cyano-2-(N-ethyl-cis-3-acrylamido)mercapto-
propionate crystallised from benzene-petroleum as a 
colourless chunky solid , m. p . 70-72 0 (Found: C, 51.5; 
H, 6.3; N, 10.9; 5, 12.3% . C11H16N2035 requires : 
C, 51.6; H, 6.3; N, 10.9; 5, 12.5%);))max 3350 , 2250 , 
1 '735 , 16 30 cm - 1; >-. 2 7 2 (13, 250) mu ; NMRc 1 max J DC 3 
('(values ) 3 .1 6 (d, 1H), ca . 3.8 (br , 1H), 4 . 05 (d , 
1H, J = 10.0 cis) , 5 .75 (q, 2H), 6.6 (m, 2H) , 8.26 
(s, 3H), 8.75 (t). 
e) Methyl 2-acetyl-2-(N-e thyl-cis-3-acrylamido) -
mercaptopropionate crystallised from benzene-petroleum as 
a colourless crystalline compound, m. p . 73-760 (Found : 
C, 50.8; H, 6 . 6; N , 5 . 3; 5, 12.4%. C11H17N045 requires : 
C, 51.0; H, 6.6; N , 5 . 4 ; 5, 12.3%); J.} 3380, 1750 , max 
1715, 1638 cm- 1. A. 272 ( 12 , 400) m)-l7 NMRCDC1 (1 values ) 
I max 3 
3.24 (d , 1H), 4 .09 (d , 1H, J = 10.1 cis), ca.4.0 
(br, 1H), 6.19 ( s , 3H), 6 .6 (m, 2H) , 7.69 ( s, 3H), 
8. 29 ( s , 3H), 8.8 ( t , 3H). 
f) Ethyl 2_carboethoxy-2-(N-ethyl-cis-3-acrylamido)-
mercapto succinate isolated as a colourless viscou s 
oil that gave ethyl oL-carboethoxysuccinate and N-ethyl-3 
isothiazolone (by T .L. C. and NMR) on treatment with 
221. 
di lute base . The molecular ion occurred at the 
r equ ired m/ e 3 75 . ~ 3400, 1 740 (br ), 
maxliq . film 
1635 cm- 1 i A.
max 
2 75 my; NMRCDC1 ( Lvalues) 2 . 83 3 
(d, 1H), ca . 3.3 (br t , 1H), 3 . 98 (d , 1H , J= 10.1 cis ), 
5.74 (q ) , 5 . 85 (q ), 6. 7 (m), 6.79 ( s) , 8.72 ( t ), 8 . 75 
( t ), 8 . 85 ( t ), total integration correct. 
g) Ethyl 2-carboethoxy-4-oxo-2(N-ethyl-cis-3-acrylamido) -
mercaptopentanoate 
Colou r l ess oil that crystallised on standing after one 
week . Recrystallised from ether- petroleum as colourl ess 
o 
solid , m. p . 75-7 7 (Found : C, 52 . 1; H, 6 .7; N, 3 . 9 ; 
S, 9. 3% . C15H23N06S requires : C, 5 2. 2 ; H, 6 .7; N, 4 .1; 
S, 9. 3%)j lJ max 3420 , 1730 , 1705 , 1655 cm-
1 ; A 
max 
278 mu. NMRCDC1 (L values ) 2 . 6 7 ( d , 1H) , ca . 3 .5 (br 3 
t, 1H) , 4 .0 2 ( d , 1H , J = 9 . 9 cis ) , 5.75 (q , 4H ) , 6 . 63 ( s) , 
c a . 6 . 6 (m), 7. 79 ( s , 3H), 8 .7 3 ( t ), 8 . 83 ( t ), total 
integration correct . The molecular ion occurred at the 
r equ ired m/ e 345 . 
Reaction of N-ethyl-3-isothiazolone with dibasic carbon 
ac ids The reaction procedure used is essentially the 
s ame as that described in Section 1 (v ). 
ii) Reaction with ethyl 1_methylacetoacetate : A 
supposedly pure commercial sample of ethyl 1- methyl -
ace t oacetate was fo und to contain approx . 18% of the 
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methyl ester . A pure sample was obtained by gas 
o 
chromatography (11 5 , 12 feet 20% LAC - 446 on 80-
100S500) . 
The crude product ( 1 . 32 g .) was chromatographed 
on silica gel ( 14" x 1") in benzene : chloroform= (7: 3). 
3_Carboethoxy-1-(N-ethyl-cis-3- acrylamido)mercaptobutan-
2-one (1 39 ) was eluted as a colourless oil (0.86 g .i 
63%) that crystallised after standing for two weeks . 
Recrystallisation from benzene-petroleum gave a 
colourless chunky solid , m. p . 52_540 ( Found : C, 52.5i 
H, 6.9i N, 5.1i S, 11.4%. C12H19N04S requires: C, 52.7i 
H, 7.0i N, 5.1i S, 11.7% )i lJ max 3360 , 1720 ,1700 (w), 
16 35 cm- 1 i A max 2 74 (1 3240 ) mp i NMRCDC1 (Lvalues ) 3 
3.28 (d, 1H), ca.3.4 (br , 1H), 4.02 (d , 1H, J = 9.9 cis), 
5.82 (q , 2H), 5.93 (q , 1H), 6.4 (s, 2H) , 6 . 65 (m, 2H ), 
8.64 ( d , J = 7.1 cis ), 8.73 ( t ), 8.86 (t), total 
integration correct. The molecular ion occurred at the 
requi red mle 28 7. 
Furth er elution in chloroform : ether=(l: l ) gave 
3_carboethoxy_1,l_bis(N_ethyl-cis-3-acrylamido)mercapt0-
butan-2-one (1 40 ) (0.3 g .i 22%), recrystallised from 
a b e nzene-petroleum asAcolourless granular solid , m.p. 
144-1 46 0 ( Found : C, 50. 5 i H, 6.5i N, 6.7i S, 15.8%. 
C17H2605N2S2 requires : C, 50.7i H, 6.5i N, 7.0i S, 16.0%)i 
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)) max 3 360 , 1 740 , 1 705, 1640 cm -1 ; A.. 28 2 (28 , 640) mu . 
max / J 
NMRCDC13 ( Lvalues) 2.98 ( d ), 3.08 ( d ), 3.80 (d ), 
3. 85 (d ) ( J = 10. 0 ± 0.1 cis ) , 4 . 92 ( s ), 5.84 (q) , ca. 
6.7 (m), ca . 8.7 broad overlapping multip1ets , total 
integration correct . 
iii ) Rearrangement of ethyl 2-acetyl-2-(N-ethyl-cis-3-
acrylamido)mercaptopropionate (1 41 ) in base . 
0.005 g . Atom of sodium was dissolved in anhydrous 
ethanol ( 10 mi .) and ethyl 2-acetyl-2-(N-ethyl-cis-3-
acrylamido)mercaptopropionate (141) (1.37 g.; 0 . 005 
mole ) in 15 mi. of absolute ethanol added slowly with 
stirring under nitrogen. Stirring was continued 
overnight and the reaction worked-up in the normal way 
( Section 1 ( v )). The crude mixture was chromatographed 
as described above to give 3-carboethoxy-1-(N- ethyl-
cis-3-acrylamido)mercaptobutan-2-one (139) (0 . 8 g . ; 
59%) and 3-carboethoxy-1,1-bis(N-ethyl-cis-3-acrylamido) 
mercaptobutan-2-one ( 140 ) (0 . 25 g . ; 18%) as described 
in ( ii ). 
i v ) Reaction with 3-methylpe ntan-2 ,4-dione : The 
resulting crude product (0 . 9 g .) was triturated with 
eth er to give 1 , 3_bis(N_ethyl_cis_3_acrylamido)mercapto-
butan-2-one ( 148 ) (0.26 g. ) as a colourless microcrystalline 
so l id , m.p . 165-1670 . An analytical sample was prepared 
by repeated washings with hot solvents ( to dissolve out 
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a ny impurities ). (Found: C, 50 .6 ; H, 6 . 3 ; N, 8 . 5 ; 
8, 19. 3% . C1 4H22N20382 requires : C, 50 .9, H, 6 .7; 
N, 8.5; 8 , 19. 4%) ; ~max 33 70, 1 69 5 , 1640 cm- ~ A max 
282 ( 25 , 480) my. 
The r esidual viscous oil (0. 6 1 g .) was chromato-
graph ed on silica gel ( 14" x 1" ) i n benzene : chloroform = 
(3: 2). 3- (N-Ethyl-cis-3-acrylamido)mercaptobutan-2- one 
(147) was elu ted as a colourless oil ( 0.53 g .) t h at 
crystallised on trituration with p etroleum . 
Re c rystallisation from ether- petroleum at dry ice 
t emperature gave a colourless chunky solid , m. p . 
68-71 0 ( Found : C, 53 .7 ; H, 7. 5 ; N, 6 . 6 ; 8,1 5 . 6% . 
C9H1 5N028 requ i res : C, 53 .7; H, 7. 5 ; N, 7.0; 8, 15.9%); 
')) max. 3360, 1705 , 1635 cm- 1 ; A max 276 (1 2 , 400 ) mp; 
NMRCDC1 3 (L val ues ) 3 . 26 (d , 1H), ca . 3 .7 (br , 1H), 
4.07 ( d , 1H , J = 10.1 cis ), 6 . 43 (q ), 6 . 65 (m), 
7.70 ( t , 3H), 8.5 3 (d , J = 7 .0 cis ), 8 . 83 ( t ), total 
integration correct . 
v) Rearrangement of 3-methyl-3-(N-ethyl - cis-3-acrylamido) 
mercaptopentan-2 , 4-dione in base : 
The experimental procedure is identical to that out l ined 
abov e in ( iii ). The crude mixtu re isolated , was 
triturated with ether to give a col ou rless granular 
solid (0. 229 ) identical i n m. p ., in frared , a nd NMR with 
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l,3-bis (N-ethy1-cis-3- acry1amido ) mercaptobutan-2-one 
(1 48 ) described in (iv). The oi ly residue was 
chromatographed as described in ( iv ), and 
3-(N-ethyl-cis- 3-acrylamido )mercaptobutan-2-one (147) 
(0.6 2 g. ) e luted as a colourless oil that crystallised 
on standing. / 
Reaction of N- ethyl-3-isothiazolone with unsymmetrical 
k e tones . 
The reaction procedure used is essentially the same as 
outlined in Section 1 (v). 
vi) Reaction with 2,6-dimethylcyclohexanone : After 
stirring for t wo hour s , the rea ction was quenched with 
ice-cold 2N hydrochloric acid and worked-up in the 
u sual manner to giv e a yellow oil (1-1 g.). Trituration 
with chloroform and filtration afforded 2 , 4-bis( N-ethyl-
carboxamido ) methylene-1,3-dithiet ane (8 4 ) (0.18 g .), 
identica l in all respects to that described previously . 
The filtrate was concentrated and chromatograph ed on 
silica gel (1 4 " x 1") in benzene : petroleum : ether 
(4:6: 2) to give a colourless oil (0.87 g .; 68%) , which 
crystallised spontaneously after standing for one week . 
Re crystallisation from benzene-petroleum gave a 
colourless chunky solid , m. p . 109-111 0 identified as 
2,6 dime thyl-2-(N ethyl-cis-3-acrylamido )mercapto-
cyclohexanone (15 5 ) ( Found : C, 61.3; H, 8 . 4; N, 5 . 5 ; 
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s, 12. 2%. C1 3H21N02S requires: C, 61 . 2 ; H, 8 . 3; N, 5.5; 
S, 12.5%); V max 3370 , 1705, 1635 cm-1;~max 276 
( 11, 210 ) mp; NMRcDC1 (L va1ues ) 3 . 40 (d , 1H), ca . 3.8 
3 
(br , 1H), 4 .09 (d , 1H , J = 10.2 cis ), ca . 6.6 (m, 2H) , 
c a . 7. 9 (br alkyl absorption ), 7.58 ( s ), 8 . 83 (t), 
8.99 (d, J = 7.2 cis), total integration correct. 
vii) Rearrangement of 2 , 6-dimethyl-2-(N-ethyl-cis - 3-
acrylamido)mercaptocyclohexanone (155) in base 
0.00 5 Mole of potassium tert-butoxide was dissolved in 
10 mi. of dry tert-butanol, cooled to about 100 and 
2,6-dimethyl-2-( N-ethyl-cis-3-acrylamido)mercaptocycl0-
hexanone ( 1 . 28 g. ; 0.005 mole) in tert-butanol added 
dropwise with stirring u nder nitrogen . A faint 
turbidity gradually developed and increased in intensity 
with time. ~fter 16 hr. the precipitate was fi ltered 
to give 2 , 4- bis(N-ethylcarboxamido) methylene-1, 3-
dithietane ( 84 ) (0. 61 g .) identical in u .v . and 
in frared to that described in section 2 (1). 
Acidification o f the filtrate followed by extraction 
with ether , drying over magnesium sulphate and 
evaporation in vacuo , gave 0.5 4 g. of 2 , 6-dimethyl -
cyclohexanone characterised by comparison of infrared 
and NMR with an authentic sample . 
227. 
vi ii ) Reaction with 2-methylcyclohexanone : 
The viscous yellow oil isolated (1.18 g.), was triturated 
wi th ether and filtered to give a colourless amorphous 
solid (0. 24 g.; 20%) identified as 2-methyl-2,6-bis(N-
ethyl-cis- 3-acrylamido)mercaptocyclohexanone (161) . 
Recrystall isation from dimethylsulphoxide water gave a 
colourless chunky solid, m.p. 140-144 . (Found: C, 55.0; 
H, 6.9; N, 7.3; S , 17.0%. C17H26N203S2 requires: C, 55 .1; 
H, 7.1; N, 7.6; S, 17.3%);l)max 3340,1700 , 1640 (br) cm- 1 
~ max 280 (br) (2 6 ,750) mp i NMRd6DMSO (L values ) ca. 
1.95 (br t), 3 .1 2 (d), 3 . 51 (d), 3.97 (d), 4 .09 (d) 
(J = 10.0 ± O. 1 c/ s), 5. 5 (br t) , 6 . 8 (m), ca . 7.9 
(br alkyl absorptions ) ; 8.7(s) , 8 .9 ( t ), total integration 
correct . 
The filtrate was concentrated and chromatographed 
on silica gel ( 24" x %:" ) in benzene : chloroform : ether = 
(4: 6: 2). 2-Methyl-6- (N-ethyl-cis- 3-acrylamido) mercapto -
cyclohexanone (160) eluted as a colourless oil (0.69 g.) 
that crystallised on scratching . Recrystallisation from 
ethanol-petroleum gave colourless plates, m. p. 163-1640 . 
(Found : C, 59.4; H, 7.9; N, 5.5; S , 13 . 3% . C12H19N02S 
requires: C, 59 .7; H, 7.9; N, 5.8; S, 13.3%); ~max 3370 , 
1710, 1635 cm- 1 ; A max 276 ( 11 , 820) mpi NMRCDC 1 3 
('[valu es ) 3 . 2 7 ( d ), ca. 3 .7 (br) , 4.11 ( d , J = 10.0 c/s) , 
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ca. 6.7 (m) , 7-9 (br alkyl absorption ), 8.86 (t), 9.2 
(d, J = 6 .1 ci s), total integration correct. 
Further elution afforded 2-methyl-2-(N-ethyl-cis-
3-acryl amido ) mercaptocyclohexanone (159) as a colourless 
oil containing 2-methyl-6-(N-ethyl-cis-3-acrylamido)-
mercaptocyclohexanone (ca . 10-15%) by NMR analysis . 
An authentic sample was prepared as described below in 
(ix) . 
ix) a ) A solution of 2 g.(0.05 mole ) of sodium hydroxide 
dissolved in 40 mI . of water was cooled to 50 and 
saturated with hydrogen sulphide . 2-Chloro-2-methyl-
cyclohexanone (7.35 g.; 0.05 mole) in 30 mI. of ethanol 
was added dropwise with stirring and cooling while a 
slow stream of hydrogen sulphide was passed through the 
reaction. After two hours the reaction was poured into 
water and extracted with chloroform. The extracts were 
dried over sodium sulphate , concentrated and fractionally 
distilled to give 2-methyl-2-mercaptocyclohexanone 
(6.4 g ., 89%); b.p. 88-890 (13 ITUTl .). ( Found : C, 58 .2; 
H, 8.4; 8, 22 .0%. C7H1208 requires : C, 58 . 3 ; H, 8 . 4; 
-1 
8 22 20/) )j 2560 (w), 1705 cm ; NMR~DC1 
, • /0 ; maxliq . film .'C 3 
(lvalues) 7-9 (br alkyl absorption), 7.9 (s, lost on 
deuteration), 8.48 (s). 
b) A catalytic amount of sodium was added with swirling 
229 . 
to a mixture of 2-methyl-2-mercaptocyclohexanone 
1. 44 g ., 0.01 mole ) and N-ethylpropiolamide (0.98 g .; 0.01 
mole) dissolved in 20 mi . of absolute ethanol in a flask 
fitted with a reflux condenser and drying tube . The 
exothermic reaction was immersed occasionally in ice-
water. Stirring was continued for a further one hour and 
the solvent evaporated in vacuo to give a yellowish oil 
that crystallised on scratching. Recrystallisation from 
ether gave 2-methyl-2-(N-ethyl-cis-3-acrylamido)mercapto-
cyclohexanone (159) (1.9 g .; 78%) as colourless plates , 
o 
m.p. 120-121 (Found: C, 59 . 4; H, 7.9; N, 5 . 5; S, 13.4%. 
C1 2H19N0 2S requires : C, 59 .7; H, 7.9; N, 5 . 8 ; S, 13.3%) ; 
~ max 3320 , 1695 , 16 35 cm- 1 i A max 277(11 , 320) mp; 
NMRCDC1 3 
(Lvalues) 3 . 41 ( d ), ca . 3 . 3 (br) , 6.65 (m), 
7.5 - 8.5 (br alkyl absorption ), 8 . 60 ( s ), 8.96 (t), 
total integration correct. 
x ) Rearrangement of 2-methyl-2-(N-ethyl-cis-3- acrylamido)-
mercaptocyclohexanone in base . 
0.4 24 g. (0.00 2 mole ) of potassium tert-butoxide was 
dissolved in 10 mi . of dry tert-butanol , cooled to about 
10 0 and the above compound (0.482 g ., 0.002 mole ) in 10 
mi. of tert-butanol added dropwise with stirring under 
nit rogen . The reaction was stirred overnight , quenched 
with ice-cold 2N hydrochloric acid and worked-up in the 
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usual manner. Examination of the isolated crude product 
mixture by thin-layer chromatography and NMR showed the 
presence of both the 2,2-isomer (159) and 2,6-isomer (160). 
The composition was estimated as ca. 30% and 70% 
respectively , by compar ison of the vinylic doublets 
centred at l[3.27, 3.41 and 4.11, 4.04. 
xi) Reaction with 2-methyl eentan-3-one 
Examination of the resulting yellow viscous oil 
(1.0 4 g .) by thin-layer chromatography and NMR showed the 
presence of two products identified as 2-methyl-2-( N-
ethyl_ci s_3_acrylamido)mercaptopentan-3-one (166) 
and 4_methyl_2_(N_ethyl _cis_3_acrylamido)mercaptopentan-
3-one (167). The product composition was estimated 
from comparison of the vinylic doublets centred at l 
3.24, 3.38 and 4.07, 4.12 as 40% of U67) and 60% of 
(166). These products could not be separated 
satisfactorily. The molecular ion (mixture ) occurred 
at the required mle 229 . Treatment of this mixture 
with dilute aqueous sodium hydroxide gave only N-ethyl-
3-isothiazolone and 2_methy1pentan-3-one by comparison 
of infrared and NMR with authentic samples. V maxliq.film 
(mixture), 3370, 1695, 1640 cm- 1 ; ~ max 275 (12, 260 ) 
mp; the NMR spectrum of the individual isomers were 
obtained from ~.80% pure product contaminated by the 
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other isomer). 2-Methyl-2-(N-ethyl-cis-3-acrylamido )-
mercaptopentan-3-one, ( Lvalues)CDC1
3 
3.39 (d), ca . 
3.8(br), 4 .1 4 (d, J = 10.0 cis), ca. 6.65 (m) , 7.28 
(q, -CO.CH 2 .CH 3), 8.50 (s, (CH 3)2 C<), 8.83 (t, 
fH 3CH2-NH), 8.98 (t, -CO.CH2 .CH3). 
4-Methyl-2-(N-ethyl-cis-3-acrylamido)mercaptopentan- 3-one 
( L values)CDC1 3 3.25 (d), ca. 3.5 (br ), 4.06 (d, J = 
10.0 cis), 6 . 28 (q, -CO.CH(CH 3).S-), 6.65 (m, NH-CH .CH 3), - -2 
6.9 (m, (CH3)2CH-CO.), 8 . 53 (d, -CO.CH(CH3)S-), 8.83 
(t, CH3.CH2-NH.), 8.92 (d, J = 7.1 c/s ,-CO.CH(CH 3 )2}. 
xii) Reaction with butan-2-one : 
The resulting product mixture was triturated with acetone 
and filtered to give l,3-bis( N-ethyl-cis-3-acrylamido} -
mercaptobutan-2-one (148) (0.18 g.) identical in m.p . 
and infrared with a sample obtained previously from 
3-methylpentan-2 ,4-dione. Chromatography of the oily 
residue on silica gel (14" xl") in benzene : chloroform = 
(1:1) afforded a pale yellow viscous oil (0.60 g.) that 
crystalli sed on scratching . The product was 
recryst a llised from ether and identified as 3-(N-ethyl-
cis-3-acryl amido }mercaptobutan-2 -one (147) by comparison 
with a sample obtained from 3-methylpentan-2 , 4-dione 
previously. 
xii) Reaction with I-phenyl-2 -butanone (169): 
The glassy reaction product was triturated with ether 
and filt ered to give a highly insoluble amorphous 
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soli d (0.4 g .) of high m. p . ( > 300 0 ). This polymeric 
product gave no discrete molecular ion ( 70 eV). The 
r esidual oil (0.99 g .) was chromatographed on silica 
gel in benzene: petroleum : ether = ( 4:6 : 2) to afford 
a colourless glassy solid (0.62 g ; 46%) that crystallised 
o 
slowly on standing for one week at -20. Trituration 
with petroleum followed by recrystallisation from ether 
at dry ice temperature gave a colourless microcrystalline 
solid, m.p . 126-1 28 0 identified as 1-phenyl-3-( N- ethy1 -
cis- 3-acrylamido)mercaptobutan-2-one . ( Found : C, 64.7; 
H, 6.9; N, 4 . 8; S, 11. 4%. C15H19N0 2S requires : C, 65.0; 
H, 6.9; N, 5 .0 ; S, 11. 5%); J.) max 3 340 , 1705, 1635 cm- 1 ; 
A 278 br (17, 300) mp ; NMRCDC1 (1 values) 2 .74 max 3 
(br , 5H ) , 3.31 ( d, 1H) , ca. 3.8 (br , 1H) , 4 .1 5 ( d , 
J = 10.1 cis) , 6.05 (s, 2H , C6H5CH2CO-) , 6.36 (q, 1H, 
CO·CH ·(CH )'S-), ca.6.65 (m, CH ~CH2NH-) , 8.58 (d, 3H , 
- 3 - .:>---
J=6.6 cis , -COCH(CH )S-), 8.85 (t, 3H , CH 3CH 2NH-). -3 -
xiv ) Reaction with 2-phenyl-3-pentanone ( 168) 
The crude product was isolated as a dark viscous oil 
1H, 
(1. 39 g .) and chromatographed on silica gel (24" x~") in 
benzene : petroleum: chloroform = ( 6 : 4 : 2) to g ive a 
colour l ess oil identified as 2- phenyl-4-( N-ethyl -cis-3-
acryl amido ) mercaptopentan-3-one . Recrystallisation from 
ether afforded a glassy solid (one spot on thin-layer 
chromatography), m. p. 76-80 0 . ( Found : C, 65.6; H, 7. 2; 
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N,4.7; S, 11.1%. C16H21 N02S requires: C, 66.0; H, 7.3; 
N, 4.8; S, 11.0%); ~max 3350, 1705, 1640 cm- 1 ; 
CHC1 3 
NMRCDC1 (Lvalues ) 2.7l (br s, 5H), 3.19 (d , 1H, J = 3 
10.1 cis), ca. 3.9 (br), 4.07 (d), 5.65 (q, 1H, C6H5CH (CH 3)CO-), 
6.41 (q, -COCH(CH 3)S-), ~. 6.65(m, CH 3CH 2NH-), 8.65 (d, 
J = 7.1 cis), 8.68 (d, 7.0 cis), 8.85 (t, CH 3CH 2NH). 
total integration correct . 
xv) Reaction with phenylpropan- 2- o ne (170) 
The resulting viscous oil (1.2 g.) was triturated with 
h e xane and filtered . The colourless g ranular solid (0.31 g .) 
was washed repeatedly with hot solvents to give an analytical 
sample of 1_phenyl_1,3,_tris(N_ethyl_cis_3_acrylamido)-
mercaptopropanone , m.p. ca. 165-1700 (Found: C, 55.1; H, 5.9; 
N, 8.0; S, 18.4%. C24H31N304S3 requires: C, 55.3, H, 6.0; 
N, 8.1; S, 18.4%); ))max 3340(s), 1685(w), 1640(s) cm- 1 ; 
~ max 278 (br) mp. 
The above filtrate was concentrated, and chromatographed 
on silica gel (14" xl") in benzene: methylene chloride=(7 : 3) 
to give l=Qhenyl_3_(N_ethyl_cis_3_acrylamido)mercaptopropan- 2- 0ne 
as a viscous colourless oil (0.60 g .) that did not 
crystalli se (one spot on thin-layer chromatography). 
Treatment with aqueous base gave only phenylpropan-2- one 
and N-ethyl-3-isothiazo lone by NMR and infrared. ~ 
maxliq .film 
3340 (br ), 1700, 1635 cm- 1 ; NMRcDC1 (Lvalues ) ca. 
3 
2.7 (br s, 5H), 3 .29 (d , 1H), 4.09 (d, J =10.1 cis), ca. 
234 . 
4. 1 (br ) 6 . 09 ( s , 2H, C6H5CH2CO- ), 6 . 61 (s, -CO . CH2S-) 
6.7 (m), 8.87 ( t ), total integration correct. 
Further elution with benzene : methylene chloride 
ether = 6:2:2 gave a glassy solid (0. 1 g .), which was 
recrystallised from dioxan-petroleum as colourless 
crystals of 1-phenyl-3,3-bis( N-ethyl-cis-3-acrylamido)-
mercaptopropanone , m. p. 156-1600 (Found: C, 60 . 3, H, 6 . 2 ; 
N, 7.3; S , 16.8%; C19H24N20 2S 2 requires : C, 60 . 6 ; H, 6.4; 
N, 7. 4 ; S, 1 7 .0%); )J max 3340, 1705 (w) , 1635 cm- 1 ; 
NMRCDC1 (L values) ca. 2 .7 (br s) , 3.08 ( d ) , ca. 3 . 4 3 
(br s ) , 3.93 ( d , J = 10 .0 cis ), 5 .1 5 ( s ) , 6 .04 ( s ) , ca. 
6. 65 (m), 8.86 (t), total integration correct . 
SECTION 4 
i) Reaction of N- ethyl-3-isothiazolone with carbon acids in 
the presence of piperidine 
N-Ethyl-3-isothi azolone (0 . 005 mole) and an equimolar 
quantity of carbon acid ( e . g . acetylacetone, diethyl 
malonate , ethyl acetoacetate, etc .) were refluxed in dry 
benzene ( 30 ml .) with 10 drops of piperidine for 48 h r . 
In all cases hydrogen sulphide was evolved . After the 
removal of the solvent an examination of the intractable 
residues by thin-layer chromatography and NMR showed the 
p resence of small quantities ( < 10%) of the cis-N-ethyl-
alkylmercaptoacrylamides together with starting materials . 
ii) Action of diazo ylids on N-alkyl-and N-acyl-3-
isoth iazolones 
235. 
Reaction was attempted with diphenyl diazomethane 
and ethyl diazoacetate in ether at room temperature for 
several days , and by refluxing the reactants in aceto-
nitril e . In all cases reaction failed. 
iii) Action of cyclohexyl isocyanide on N-alkyl-and N-acyl -
3-isothiazolones 
Reaction was attempted either by refluxing the 
reactants in ether with and without catalytic amounts of 
boron trifluoride, or in methanol at 0 0 with an equivalent 
quantity of aqueous phosphoric acid. In all cases reaction 
failed. 
iv) 2-Ethoxycarbonylmethylidene-3-ethyl-4-oxo-2,3-dihydro-
1,3-4H-thiazine (176) 
0. 49 g .( 0.005 mole ) of ethyl propiolate and 0.64 g. 
(0.00 5 mole of N-ethyl-3-isothiazolone were dissolved in 
15 mI. of absolut e ethanol and the solution cooled to 0 0 . 
A catalytic amount of sodium was added and the solution 
stirred under nitrogen overnight. The solvent was 
evaporated in vacuo and the dark brown residue triturated 
with ether and filtered. The crude product ( 0.55 g .; 48%) 
was recrystallised twice from ethanol to give an 
analytical sample of the 1,3-thiazine (176) as white plates , 
236. 
o 
m.p. 110.11 2 (Found: C, 52.7; H, 6.0; N, 6.0; S, 13.9%. 
C10H13N03S requires: C, 52.9; H, 5.8; N, 6.2 ; S, 14.1%); 
V max 1675 (br), 1600 (w) cm- 1 ; A max 236 (8 360) , 302 
(8090) my; NMRCDC1
3 
2.79 (d, 1H, J = 10.5 cis, fine 
splitting 1.0 cis), 3.74 (d, 1H), 4.4 ( s, fine splitting 
1.0 cis), 5.78 (q), 5.96 (q), 8.71 (t), total integration 
correct. 
v ) N-Ethyl-cis-3-(phenylethynyl)mercaptoacrylamide (179) 
Phenyl acetylene (0.51 5 g.; 0.005 mole) was reacted with 
N-ethyl-3-i sothiazolone (0.645 g.; 0.005 mole ) as 
outlined above (in tert-butanol with a catalytic amount 
of potassium). The reaction was poured into ice-water 
( 100 mi . ) and the precipitated tan-coloured product 
( 0.98 g.; 85%) recrystallised repeatedly from ethanol-
petroleum to give pale pink coloured prisms of N-ethyl-
cis-3-(phenylet~~mercaptoacrylamide (179), identical 
in m.p., infrared and NMR with a sample prepared 
previously in Section 1, (ii). 
v i ) Ethyl 2,6-dihydroxy nicotinate (180): 
0 . 276 g. (0.01 2 g. atom) of sodium was dissolved in 
anhydrous ethanol in a three-neck flask fitted with a 
reflux condenser and drying tube, nitrogen inlet and 
dropping funnel. A solution of diethyl malonate 
( 1 . 92 g.; 0.01 mole) and 3-isothiazolone (0.6 g . ; 0.006 
mole ) in 15 mi. of ethanol was run in slowly with swirling 
and the mixture refluxed under nitrogen for 24 hr . 
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Hydrogen sulphide was evolved continuously , and a buff 
solid slowly deposited out of solution . The re a ction mixture 
was cooled and filtered to give a granular solid (0. 97 g. ) 
identified as the sodium salt of ethyl 2,6-dihydroxy-
nicotinate. Acidification of the filtrate and 
e xtraction vIi th chloroform gave only carbon acid (0. 75 g .) 
and tarry materials. The isolated sodium salt was shaken 
in cold 2N hydrochloric acid and the crude ethyl 2,6-
dihydroxynicotinate fDbered clf (0. 84 g.; 54%), washed with 
water and air-dried . Recrystallisation from ethanol gave 
glistening white prisms, m. p . 182-1840 , identical in 
inf rared and NMR with a sample prepared by the method of 
147 0 Guthzeit and Laska , m.p . 183-185 (Found : C, 52.7; 
H, 5.1; N, 7.9; 0, 34.6%. C8H904N requires: C, 52 . 5; 
H, 5.0; N, 7 . 7; 0,3 4.9%); LJ max 265 0 (br), 1630 (br ) cm-
1 
/l max 268 ( 9280) , 303 (9040), 332 ( sh , 4160 ) m)l ; 
NMRCDC1 3 
("[values) -1.6 (br, 2H) , 2.23 (d , 1H), 3.92 
(d, 1H; J = 9.6 cis), 5.64 (q, 2H), 8.61 ( t ). 
vii) Ethyl 2 , 6_dimethoxynicotinate ( 181 ) 
An ethereal solution of diazomethane was prepared and 
di still ed according to the method of Vogel
191 This 
was added , at 0 0 , to a solution of the above compound 
(0. 30 g. ) in absolute methano l (15 mi.) until excess 
di azomethane was present . The solu t i on was allowed to 
stand at room t emperature for twe nty minutes . The 
solvent was evaporated in v~, and the resulting oil 
238. 
purifi ed by chromatography on silica gel (9" x 1") in 
b enzene : petroleum=(7:3). The eluted colourless oil 
(0. 35 g. ) crystallised at dry ice temperature. 
Subl imation at 45 0 (0.1 mm ) gave an analytical sample 
of ethyl 2,6-dimethoxynicoti nate as colourless prisms, 
m.p. 50-51 0 ( Found: C, 56.8; H, 6.2 ; N, 6.7: 0, 30 . 3% . 
C10H1 3N04 requires: C, 56.9; H, 6.2; N, 6.6; 0, 30.3%); 
))max 1710, 1590 (br) cm- 1 ; A 246 (7500), 290 
max 
(9600) my ; NMRCDC1
3 
(Lvalues ) 1.87 (d , 1H) I 3 .68 
(d , 1H, J = 7. 6 cis) I 5.65 (q), 5.93 (s) I 6 .0 2 ( s) , 
8.6 2 ( t ), total integration correct . The molecular 
ion occurred at the required mle 211 . 
viii) 2 / 6-Dihydroxypyridine hydrochloride : 
0.275 g . of ethyl 2 / 6-dihydroxynicotinate ( 181 ) was 
digested with 10 mI. of concentrated hydrochloric acid 
for 2 hr ., and the solution evaporated in vacuo . The 
residue was triturated with dry ethanol and filtered to 
give 2 / 6-dihydroxypyridine hydrochloride (0. 30 g .) 
ide ntical in infrared and U.V . with an authentic 
sample . 
ix) Ethyl 2_methyl-6-oxynicotinate (182) 
The experimental procedure is essentially the same as 
that described above in (vi) except that the reflux time 
was 4 hours. The reddish-brown reaction mixture was 
poured into cold dilute hydrochloric acid (80 mI .) and 
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extracted continuously with ether . The extracts were 
dried over magnesium sulphate and evaporated in vacuo. 
The solid residue was recrystalli sed from benzene-
petroleum to give ethyl 2-methyl-6-oxynicotinate (182) 
(0. 53 g. ; 48%) as pure white crystals, m.p . 214-2160 • 
This compound was identical in m.p., infrared and u.v. 
149 0 
to that reported by Ramirez and Paul ~ m. p. 214 
(Found: C, 59.5; H, 6 .4; N, 7.8; 0, 26.5% . C9H11N0 3 
requires : C, 59 .7; H, 6 . 1; N, 7.7; 0, 26.5%); \) 
maxCHC1 
1705, 1660 (br) cm- 1 ; A max 264 (16, 360), 300 3 
( inflexion 5,600) mp ; NMRCDC1 ('t values) -3.2 (br, 1H), 3 
1. 98 ( d. 1H), 3.60 (d, 1H, J=10 .0 cis), 5.7 (q, 2H), 
7.27 (5, 3H) , 8.6 4 (q, 3H) . 
x) 5-Acetyl-6-methyl-2-pyridinol (19 2): 
5-~cetyl-6-methyl-2-pyridinol was obtained from the 
condensation of acetyl acetone (1.20 g .; 0.012 mole ) and 
3-isothiazolone (0. 60 g .; 0.006 mol e ) as described in 
(vi) and (ix ) above . The crude tan-coloured product 
(0.51 g; 56%) was recrys t allised from e tha nol-petrol eum 
o 
as colourl ess crystals, m. p . 200 d. (Found : C, 63 .5; 
H, 6.0; N, 9 . 2% . C8H9N02 requires : C, 63 . 6; H, 6 .0; 
N, 9.3%); )) max 3,500-2,500 (br ), 1680 (w), 1650 (br s) 
cm- 1 ; A max 283 ( 16 , 800), 303 (sh, 10 , 600 ) mp ; NMRCDC1 3 
([values ) ca. -3.3 (br , 1H), 3.54 (d , 1H, J = 9.9 cis), 
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7. 29 ( s, 3H), 7. 51 ( s , 3H). 
xi) Ethyl_6_phenyl-2-hydroxynicotinate: was obtained 
from the condensation of ethyl benzoylacetate ( 2.30 g .; 
0.012 mole) and 3-isothiazolone (0.60 g .; 0.006 mole ) 
a s described in (vi) and ~x) above . The crude off-white 
product (0.81 g.; 56%) was recrystallised from ether to give 
colourless plates , m. p. 183-40 . ( Found: C, 69.0; H, 5.4; 
N, 5.6%. C14H13N03 r equires: C, 69.1; H, 5.4; N, 5.7%); 
)) max 3300-2500 (br), 1710 (w), 1645 (br) cm- 1 ; A max 
26 3 (16,600), 307 (8,200) mp; NMRCDC1 (Lvalues ) 2.02 3 
(d, 1H), 2.77 (br s , 5H), 3 .58 (d, 1H, J = 10.1 cis) , 
5.92 (q, 2H), 9.01 ( t , 3H) . 
xii) 5_Phenyl_6_methyl -2-pyridinol: was obtained from the 
condensation of phenylpropan-2-one ( 1 . 61 g " 0.012 mole ) 
and 3-isothiazolone (0. 60 g .; 0.006 mole ) as described 
in (vi) and Qx). The crude product (0. 38 g .; 34%) was 
recrystallised from ether as colourless crystals , m. p . 
2120 ( Found: C, 77.8; H, 5.9; N, 7.5%. C1 2H11NO requires: 
C, 77.8; H, 6.0; N, 7.6%); ~ max 2600-2400 (br), 1650 
(br) cm-1jAmax 253 (1 4 , 360), 316 (7,300) m? NMRCDC1 3 
(Lvalues ) ca. -4.0 (br , 1H), 2.57 (d), 2.6 (br ), 
3.48 (d, 1H), 7.6 2 ( s , 3H), total integration correct. 
xiii) 3- ( cis-3-acr 
3_ (N_Carboethoxy_cis-3-aCrylamido)mercap topentan-2,4-dione 
was prepared as described in section 2 (xviii). 
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0.80 g. of the above compound was stirred in 15% 
methanolic ammonia solution at room temperature for 4 
hours. The solvent was removed in vacuo and the oily 
product chromatographed on silica gel in benzene 
petroleum: chloroform=(6:4:2). 3-(cis-3-}\crylamido)-
mercaptopentan-2,4-dione (191) was eluted as a colourless 
solid (0.14 g.; 22%). Recrystallisation from ether gave 
colourless plates, m.p. 175-1770 (Found: C, 47.7; H, 5.9; 
N, 7.0; S, 15.9%. C8H11N0 3S requires: C, 47.8; H, 5.5; 
N, 7.0; S, 15.9%); )) max 3410, 3320, 1650 cm- 1 . , .A max 
280 (14,760) mp. NMRcDC1 (1 values) -8.8 (s, 1H 3 
presumably due to OH in H-bonded enol; lost on 
deuteration ) 3 . 3 (d, lH), 4.06 (d, J = 9 . 9 cis), ca. 
4.1 (br ), 7.62 ( s, 6H), total integration correct. The 
molecular ion occurred at the required mle 201. 
xiv) Ethyl 2_(N_carboethoxy-cis-3-acrylamido)me rcaptoaceto-
acetate 
The experimental procedure is essentially the same 
as that described in Section 2 (xviii). Chromatography 
of the crude product (1.4 g.) on silica gel (14" xl") 
in benzene: chloroform (7:3) gave a colourless oil 
(1.0 g .; 66%) that crystallised on scratching . 
Recrystallisation from benzene-petroleum gave colourless 
crystals of ethyl 2_(N_carboe thoxy-cis-3-acrylamido)mercapto-
acetate , m. p . 102-1050 (Found : C, 47.3; H, 5 .7; N, 4 . 5; 
242. 
S, 10.7%; C12H17N06S requires: C, 47.5; H, 5.7; N, 4.6; 
S, 10 . 6%); ~ 1755, 1680 (w), 1650 cm- 1. A rna 297 
max J x 
(br) rIY1; NMRd -CH OH (Tvalues) 2.75 (d ), 2.88 (d), 
4 3 
3.42 (d ), 3 . 58 (d) (J = 10.0+0.1 c/s) , 5.72 (q), 5 .79 
(q ), 7.64(s), 7.72 (s), 8.71 (br t) . The compound 
exhibits keto-enol tautomerism, showing two sets of vinylic 
protons 
Treatment of this compound as described above in 
(xiii ) failed to give ethyl 2-(cis-3-acrylamido)mercapto-
acetoacetate. 3-Isothiazolone and ethyl acetoacetate 
were recovered from the reaction in high yield . 
xv) Synthesis of cC-pyridones by condensation of carbon 
acids with propiolamide in the presence of sodium ethoxide 
Procedure : 0.05 mole of propiolamide and 0.055 mole 
of the carbon acid were dissolved in 50 mi . of absolute 
alcohol in a flask fitted with a reflux condenser (and 
drying tube) , nitrogen inlet and dropping funnel. The 
solution was cooled to 0 0 , and 0.05 mole of sodium 
ethoxide ( from 1.26 g. sodium) in 30 mi . of absolute 
alcohol was added cautiously with stirring . When the 
addition was complete , the reaction was refluxed under 
nit rogen for 3-4 hours , cooled and poured into 150 mi . of 
water . After washing with chloroform , the solution was 
acidified to pH 5 and extracted continuously with ether . 
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The extracts were dried over anhydrous magnesium 
sulphate and evaporated in vacuo to give the crude 
~-pyridone in 60-80% yield. The~-pyridones 
described in (vi) and (ix) - (xii ) could be synthesised 
by this general procedure. 
1-Ethyl-5-methoxycarbonyl-6-hydroxy-2(lH)-pyridone 
Thi s was prepared as in (xv ) from diethyl malonate 
and N-methylpropiol amide . The product was obtained as a 
sodium salt , which slowly precipitated out of solution . 
This salt was shaken with 2N hydrochloric acid and the 
crude ~-pyridone filtered . Recrystallisation from 
petroleum gave colourless plates , m. p . 68-70 0 ( Found : 
C, 54.8; H, 5.6; N, 7.0% . C9H11N04 requires: C, 54.8; 
H, 5.6; N, 7.1%); ~max ca. 2500 (br), 1690, 1655 , 
1610 (w) cm- 1 ; NMRCDC1 (L' values) -3.8 (br , 1H), 2.32 ( d , 1H) , 
3 
3.96 (d, 1H, J = 10.1 cis ), 5 . 62 (q, 2H), 6.53 (s, 3H) , 
8.52 (t, 3H). 
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Appendix 2 
All phosphonium halides and phosphonates used in 
this investigation were prepared according to literature 
methods as follows: 
Pho sphonium halide or phosphonate 
Acetonyltriphenylpho sphonium 
chloride . m.p. 236-238 0 
Ben zoylmethyltriphenylphosphonium 
bromide. m. p . 264-2660 
Carboethoxylmethyltriphenylphosphonium 
bromide . m.p. 167-1700 
Carboethoxymethyltributylphosphonium 
bromide , m. p . 100-101 0 
Benzyltriphenylphosphonium chloride 
m.p. 306-3080 
Carbamoylmethyltriphenylphosphonium 
chloride , m. p. 227-228
0 
Methylt riphenylphosphonium chloride 
m.p. 230-232 0 
Ben zyltributylpho sph onium chloride 
m.p. 158-161 0 
Reference No . 
182 
lit. m.p. 237-2380 
182 
lit. m. p. 26 7-2690 
183 
lit. m.p. 1630 
184 
lit. m. p . 99-100 0 
185 
lit. m.p. 314-3150 
186 
lit. m.p. 22 7-2290 
187 
lit. m.p. 232-2330 
188 
0 
lit. m.p. 160-162 
Phosphonium halide or phosphonate 
Methyl diethylphosphonoacetate 
b.p. 130-1340 
Diethyl B -ketopropylphosphonate 
b.p . 104-106/1mm 
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Reference No. 
189, lit. b.p. 
130-1340 /10mm 
190, lit. b.p. 
83-84 0 /0.4mm 
1 ) Reaction of N-ethyl-3-isothiazolone with 6table 
phosphoranes 
( a) Carbomethoxymethylenetriphenylphosphorane (m.p. 
o 183 0 168-169 ; lit. 162-163 ), benzoylmethylenetriphenyl-
phosphorane (m.p . 175-1770 ; lit. 182 m.p. 178-1800 ) and 
acetomethyl enetriphenylphosphorane were generated in situ 
from their respective phosphonium halide using sodium 
ethoxide in absolute ethanol, and reacted with N-ethyl-3-
isothiazolone by essentially the same procedure as 
described in Section 1 (v). In all cases a colourless 
solid slowly precipitated out of solution, which was 
identified as 2,4-bis(N-ethylcarboxamido ) methylene-1,3-
dithietane by comparison of its infrared with that 
obtained earlier. Acidification of the filtrate 
followed by extraction gave the starting phosphorane 
in greater than 90% yield. 
(b ) The same reaction was attempted by refluxing 
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equimolar quantities of N-ethyl-3-isothiazolone and 
the isol ated phosphoranes in dry acetonitrile for 48 
hr. In all cases reaction failed, and the starting 
materi a ls were recovered in greater than 70% yield 
together with intractable resinous materials . An 
an a logous experiment using ~-carboethoxyethylidene-
. 0 183 0 
trlphenylphosphorane (m. p . 156-158 ; lit. 152-15 3 ) 
similarly failed. 
ii) cis_N_ Acetyl_3_(carbomethoxymethylenetriphenyl-
phosphoranylmercapto)acrylamide 
Carbomethoxymethylenetriphenylphosphorane (0. 688 g .; 
0.00 2 mole) was stirred under nitrogen with N-acetyl - 3-
isothiazolone (0.286 g . ; 0.00 2 mole ) in dry acetonitrile 
( 15 mi .) for 24 hr. Evaporation of the solvent in vacuo 
g ave a light buff solid , which was recrystallised from 
50% benzene in petrol eum spirit to give colourless 
c rystals of cis_N_acetyl-3-(carbomethoxymethylene-
triphenylphosphoranylmercapto ) acrylamide (0.76 g .; 
o 79%), m.p. 158-160 . ( Found : C, 65.1; H, 5.4; N, 2 . 6 ; 
5, 6.7; P, 6.6%. C21H40N035P requires: C, 65.3 ; H, 5.2; 
N, 2.9; 5,6.7; P, 6 . 5%); V max 3320 (br), 1710, 1675 , 
16 20 (br ) cm- 1 ; NMRcnCl (L values) ca . 0.9 (br , lH), 
3 
2.1 _ 2.6 (br s , 15H), 2 . 86 (d , lH), 3.94 (d, lH, J = 
10.3 cis), 6.49 (s, 3H), 7.72 ( s , 3H). 
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iii) cis-N-Carboethoxy-3-(carbomethoxymethylenetriphenyl-
phosphoranylmercapto)acrylamide. 
Carbomethoxytriphenylphosphorane (0.002 mole ) was 
r eacted with an equimolar amount of N-carboethoxy-3-
isothiazolone as described above in (ii). The resulting 
precipitate (0.32 g.) was filtered off and identified 
as cis-N-carboethoxy-3-(carbomethoxymethlenetriphenyl-
phosphoranylmercapto)acrylamide . Concentration of the 
filtrate in vacuo gave a further 0.58 g . of product 
(total yield 0.90 g.; 88%). Recrystallisation from 
o 
acetonitrile gave colourless plates, m.p. 173-175 (dec.). 
(Found: C, 63.7 ; H, 5 . 2; N, 2 . 6; S, 6.1; P, 5.9%. 
C27H 26N05SP requires: C, 63 .9; H, 5.1; N, 2 . 8; S, 6.3; 
P, 6.1%). V max 3360 , 1755, 1685 (w), 1590 (br) 
-1 
cm 
NMRCDC1 ('"(values ) 2 . 2 - 2.7 (br s ), 2.80 (d) , 3.48 
3 
(d, 1H, J = 10.4 cis) , 5.85 (q, 2H) , 6 . 4 (s, 3H) , 8.77 
(t, 3H), total integration correct. 
iv) cis_N_Formyl_3_ (carbomethoxymethylenetriphenyl-
phosphoranylmercapto)acrylamide. 
N_Fo rmyl-3-isothiazolone was prepared according to the 
63 
procedure of Chan 
The reaction procedure was essentially the same as 
described above , except that the reaction was carried 
out at 0 0 . The yellow solution was evaporated in vacuO 
248 . 
and the resu lting solid recrystallised from ether-hexane to 
give lemon coloured crystals (0. 80 g .; 8~/o ) of cis-N-
fo rmyl-3- ( carbomethoxymethylenetriphenylphosphoranyl-
mercapto)acrylamide m.p. 11 0 - 1 160 (dec .). (Found: C, 64 .7; 
H, 4 . 6 ; N, 2. 8 ; S , 6.8 ; P , 6.7%. C2SH22N04S requires: 
C, 6 4 . 8 ; H, 4 . 8; N, 3.0 ; S,6 . 9 ; P , 6 .7%); ))max 3250 (br), 
1720, 1670, 161 0 cm- 1 ; NMRCDC1 (L val ues ) 0 .75 (br . d ), 3 
2.2 - 2.7 (b r s ), 2 . 89 (d ), 4 . 41 ( d , J = 10.3 ci s ), 
6.5 ( s ) total integration correct . 
v) c is-N- Ethyl-3-(carboethoxymethylenetributylphosphoranyl -
mer c apto ) acrylamide (198) 
a) Carboethoxymethyltributylphosphonium bromi de (1.76 g .; 
0.005 mo l e ) was reacted with N- ethyl - 3- isothiazo l one 
0.6 4 g .; 0.00 5 mole ) in the presence of an equ imo l ar 
amo unt of sodium ethoxide according to the experimental 
p r o cedu re described in section 1 (v ). The solution was 
evaporated in vacuo and the sol id residue leached with 
acetone . Th ese l eachings were concentrated under 
reduced pressu re to give a pale ye l low s o lid , wh ich was 
thoroughly t riturated with ether and then recrystall ised 
from b e n zene t o give colourless crystals of cis-N- ethyl -
3_( carboethoxymethylenetributylphosphoranylmercapto) -
acryl amide (198 ) (1.9 69 ; 75% m. p . 1 34-1 35 0 ( Found : 
C, 60.1; H, 9.6; N, 3 . 6 ; S, 7.5; P, 7.5%. C21H40N0 3SP 
249. 
requires : C, 
V max 3360, 
(d, IH)i c a. 
60.4 i H, 9.6; N, 3.4; 5, 7. 7; P, 7.4 10) ; 
1640 (br) cm~l; NMRCDC1 (Lvalues ) 3.47 3 
4 .0 (br , 1H), 4.42 (d , 1H, J = 10.0 cis), 
5.95 (q, 2H), 6.67 (m, 2H), 7.5 - 9.2 (br alkyl absorption) 
total integration correct . 
b) 0.834 g. (0.002 mole of the above ylid (198) in 
15 mi. of chloroform and 20 mi . of acetic acid was 
warmed with zinc dust ( 5 g .) until this had dissolved . 
The resultant solution was washed repeatedly with water , 
dri ed over anhydrous sodium sulphate and evaporated 
in v acuo to give a viscous brown oil, which was 
chromatographed on silica (14" x I"). Elution with 
benzene : chloroform=(7:3) gave ethyl (N-ethyl-cis-
acryl amido ) mercaptoacetate (199) (0.29 g .; 6710) 
identical in all respects to that obtained in section 
1 (vii ). 
c) An attempted condensation of the above ylid (198) 
with p-nitrobenzaldehyde in refluxing benzene failed 
after 48 hr. The starting materials were recovered 
together with a small amount of intractable tars. 
vi) cis-N-Ethyl-3-(carbamoylmethylenetriphenylphosphoranyl-
mercapto ) acrylamide 
a) Carbamoyl methyltriphenylphosphonium chloride 
(1.770 g. ; 0.005 mole) was reacted with N-ethyl-3-
isothi azolone (0.005 mole ) in the presence of sodium 
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ethoxide as in section 1 (v). After 0.5 hr . the 
colourless precipitate was filtered off and 
recryst a llised from ethanol-ether to give glistening 
plates of cis-N-ethyl-3-(carbamoylme thylenetriphenyl-
phosphoranylmercapto) acrylamide (1.63 g .; 68%)/ m • p. 
107-1 11 0 ( Found: C, 66.8; H, 5.7; N, 6.0 ; S I 7.1; 
P, 6.8 %. C25H25N202SP requires : C, 67 .0; H, 5.6 ; 
N, 6.2; S, 7.1 P , 6 . 9%);)) 3550, 3360 , 3280, 1660, 
max 
-1 "i' 16 20 cm NMRd6-DMSO (L values) 2 . 2 - 2.8 (br s), 
3.51 (d) , 4 .1 6 (br), 4.36 (d, J = 10.1 cis), ca.7.0 
(m), 9.02 ( tL total integration correct . 
b) Equimolar quantities of carbamoylmethylenetriphenyl-
phosphorane (m.p . 178-1800 ; lit. 186 177-1780 ) ( 0.638 g.; 
0.00 2 mole ) and N-ethyl-3-isothiazolone (0. 256 g .; 0.002 
mole) were stirred together in chloroform for 24 hr . 
The solution was evaporated in vacuo and the solid 
r esidue recrystallised from ethanol-ether to give 
0.65 g . (7 3%) of cis-N-ethyl-3-(carbamoylmethylene-
triphenylphosphoranylmercapto)acrylamide , identical by 
infrared and NMR to that described above . 
vii) cis_N_Ethyl_3_(benzylidenetriphenylphosphoranyl -
mercapto) acrylamide 
a) Benzylidenetriphenylphosphorane was generated in situ 
from the phosphonium chloride (1.9 45 g .; 0.005 mole ) 
using sodium ethoxide in absolute ethanol , and treated 
.. 
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with an equimolar amount of N-ethyl-3-isothiazolone as 
in section 1 (v). After 0.5 hr. a strong yellow 
precipitate developed , which was filtered off ( 2 . 3 g . . 
I 
96%) and washed thoroughly with dry ether . 
Recrystallisation from dry benzene gave cis-N-ethyl-
3-(benzylidenetriphenylphosphoranylmercapto)acrylamide 
as pale yellow crystals, m.p. 168-170 (Found: C, 74 . 6; 
H, 5.8; N, 2.6; S, 6 .6; P , 6 .4%. C30H28NOPS requires: 
C, 74 .9; H, 5.8; N, 2.9; S, 6 .7; P, 6 . 4%); lJ max 3380, 
16 25 cm- 1 . 
b) To the above ylid (1.24 g.; 0.00 26 mo le) in 25 ml. 
of ben zene was added a benzene solution of benzaldehyde 
(0. 32 g ; 0.00 3 mole ). The resulting mixture was heated 
under reflux overnight , then cooled , filtered and the 
filtrat e evaporated in vacuo . The solid residue was 
tri t u rated with ether and the leachingsconcentrated and 
chromatographed on silica ( 20 " x %" ) in benzene : 
petroleum: ether ( 4:6:2 ). trans- Stilbene (0. 45 g. ) 
was e luted and identified by its infrared and admixture 
m.p. Further elution afforded a yellow crystalline 
solid (0 .24 g .; 39%), m.p. 110-1160 , which was 
identified as cis-N-ethyl-3-( ~ , ~ -diphenylvinyl -
mercapto ) acrylamide (203) by infrared and NMR . This 
compound could not be obtained free from contamination 
with trans-stilbene (present by infrare~ and no 
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satisfactory analysis was achieved . 1) 3340 , 1660 
max 
cm- 1 ; NMRCDC1 (~ values ) 2.3 - 2.8 (br s ), 3 . 62 (d ), 3 
6.71 (m), 8.91 (t). 
viii) Reaction of benzylidenetributylphosphorane wi th 
N-ethyl-3-isothiazolone 
To a stirred solution of benzylidenetributylphosphorane 
p repared from the quaternary chloride ( 1.645 g. ; 0.005 
mole) and potassium t ert-butoxide (0.00 5 mole ) in dry 
tert-butanol (1 5 mI.), a solution of N- ethyl - 3-isothia-
zolone (0.005 mol e ) in tert-butanol (10 mI .) was added 
slowly under nitrogen . The solution was stirred for 
2 hr . at room temperature, and the solvent evaporated 
in vacuo. Exposure to air resulted in a rapid darkening 
of the oily residue . Chromatography on silica (14" xl" ) 
in b e nzene : methylene chloride= (7: 3) gave tributylphosphine 
oxide (0.7 g .), which was identified by comparison of its 
infrared with an authentic sample . Further elution gave 
a y e llow crystalline solid (0.64 g .; 62%) identical in 
all respe cts to N-ethyl-cis-3- benzylmercaptoacrylamide 
( 206) prepared previously in s ection 1. 
ix ) Reaction of methylenetriphenylphosphorane with 
N- ethyl-3-isothiazolone 
To a stirred s u spension of methyltriphenylphosphonium 
bromide ( 2.02 g .; 0.00 5 mo l es ) in 1, 2- dimethoxyethane 
253 . 
(2 5 mI. ) under nitrogen, was added ethereal 1 . 4 N 
b u tyllithium (3 . 2 mI . ) , followed after 1 hr. by 
N-ethyl-3-isothiazolone (0.640 g. ) in DME ( 10 mI .) . 
Af t er 0.5 hr. the colourless precipitate (0.47 g.) 
was removed by filtration and identified as 2,4-bis-
(N-ethylcarboxamido ) methylene-1,3-dithietane (84) . 
The filtrate was concentrated and chromatographed on 
sil ica gel ( 14" x 1") in benzene : petroleum: ether= 
( 4 : 6 : 2 ) to give N-ethyl-cis-3-methylmercaptoacrylamide 
( 208 ) ( 0 . 13 gi 18%) by comparison ,-lith a sample 
obtained previously in Section 1 . 
x ) Diethyl eX - (N-ethyl-cis- 3-acrylamido) mercapto-!3 -
ketopropylphosphonate 
Diethyl f.; -ketopropylphosphonate (0.97 g . i O. 005 
mo l e ) in 10 mI . of 1 , 2-dimethoxyethane was added 
d ropwise at 0 0 to a slurry of sodium hydride (0.005 
mo l e ) in 20 mI . of DME under nitrogen . After the 
addition , the reaction mixture was stirred for 0 . 5 hr . 
at r oom temperature until the gas evolution had 
c eased and N- ethyl-3- isothiazolone ( 0 . 005 mole ) in 
10 mI. of DME added slowly . The reaction was stirred 
overnight , poured into 2N hydrochloric acid ( 50 mI .) 
and e x tracted with ether . The extracts were dried over 
magn esium s ulp h ate and evaporated in vacuo to give a 
254. 
yellow oil, which crystallised on trituration with 
p e trol eum . Recrystallisation from ether-petroleum at 
dry ice temperature gave colourless crystals of 
diethyl OL - (N-ethyl-cis-3- acrylamido) mercapto - /3 
ketopropylphosphonate . (1. 38 g .; 86%) , m. p . 102-1030 
(Found: C, 44 .5; H, 6.7; N, 4.3; S, 10.0; P, 9.4%. 
C1 2H22N05SP requires: C, 44 . 6 ; H, 6.8 ; N, 4 . 5 ; S, 9 . 9; 
P, 9.6%); V max 3350, 1710, 1655, 1595 cm- 1 ; NMRCDC1 
3 
(Lvalues) 3.01 ( d ), ca. 3.1 (br), 3 . 97 (d, J = 10.3 
cis), 5.75 (q, with fine splitting ), 6.15 (d, J = 21.0 
cis ), 6.6 5 (m), 7.6 ( s ), 8.67 (t), 8. 84 (t). The 
complicated resonance at ca. 5. 75[: consis ts of a 
quinte t with the three innermost components f urther 
split, and was assigned to (CH3CH 20 ) 2P (0)- with JH,H = 
7.0 ci s and Jp , H IV 8 cis . The doublet at 6 .1 5"( was 
assigned to -P(0)CH(COCH3)S- with Jp,H = 21.0 cis. 
xi) Methyl diethylphosphono-S-(N-ethyl-cis-3- acrylamido ) 
mercaptoacetate 
a) This was prepared as in (x ) from N-ethyl-3-isothiazolone 
(0. 640 g.; 0.005 mole and methyl diethylphosphonacetate 
(1.0 50 g.; 0.005 mole). The product was obtained by 
chromatography over silica gel (14" x ~,, ) in benzene 
p etroleum : ether = (4:6:2) as a colourless visco u s oil 
(1. 39 g .; 82% ) which did not crystallise . An attempt 
to distil the compound under reduced pressure was 
255. 
unsuccessful since it decomposed above 130° . 1) 
max 
3365, 1735, 1645 cm- 1 ; NMRCDC1 3 
( L values ) 2 . 69 (d ), 
3.3 (br t), 3.99 (d , J = 10.0 cis), 5.78 (q, with fine 
split ting ), 6 . 21 (s), 6 . 25 (d, J = 19.9 cis), 6.65 (m), 
8.66 (t), 8.86 (t), total integration correct . 
b ) The above phosphonate ylid (1.35 g. ; 0.00 4 mole ) in 
10 mi. of 1 , 2-dimethoxyethane was added slowly with 
stirring to a slurry of sodium hydride in DME (20 mi .) 
o 
at O. After the evolution of gas had ceased, 
cyclohexanone (0. 4 g. ; 0.004 mole ) in DME ( 10 mi .) 
was added at room temperature and the reaction stirred 
for 2 h r . under nitrogen. The solution was poured 
into 2N hydrochloric acid and extracted with ether . 
The extracts were washed several times with water , dried 
over magnesium sulphate and evaporated in vacuo . The 
oily residue (0.8 g .) was chromatographed on silica gel 
(1 4" X 1") in benzene: methylene chloride=(7:3) to 
give N-ethyl-3-isothiazolone and methyl cyclohexylid-
eneacetate ( 21 3), which was identified by comparison 
of its infrared and NMR with an a uthentic sample 
164 
prepared by the method of Wadsworth and Emmons . 
256. 
Appendix 3 
i) Reaction of 3-isothiazolone with triethyloxonium 
fluoroborate 
Triethyloxonium fluoroborate in methylene chloride was 
192 prepared as described by Paquette . This solution 
(0.00 95 mole ) was cooled to 10-150 and a solution of 
3-isothi azolone (0. 90 g .; 0.009 mole ) in 50 mi . of dry 
methylene chloride was added dropwise with stirring . 
The resulting mixture was stirred overnight and a llowed 
to stand for 10 hr. To the stirred solution was 
added slowly 5N K2C03 solution . The precipitated sol id 
was removed by filtration and the aqueous filtrate 
extracted continuously with ether . The extracts were 
dri ed over magnesium sulphate , concentrated in vacuo 
and chromatographed on alumina (1 4" x ~" ). Elution with 
ether yielded 3-ethoxyisothiazole (0.70 g .; 60%) b.p . 
( Found : C, 46.7; H, 5 . 4 ; N, 10.9%. C5H7NOS 
r equires: C, 46.5; H, 5 .5; N, 10.9%); ~ max 255 (7350) mp; 
NMRCC1 (L v a lues ) 1 . 60 (d , 1H), 3 . 46 (d, 1H, J = 4 . 6 
4 
cis), 5.58 (q , 2H ), 8 . 61 ( t , 3H). 
Further elut ion with chloroform gave N-ethyl-3-
isothi azolone (0. 41 g .; 35%) identical in al l respects 
d . I 55 to t h at describe prevl0us y 
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